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THE “REFINER” precision-built mixer for 
liquids of low viscosity. 


DOUBLE-CONE 

BLENDERS for 

rapid mixing of 

dry powders, crys- 
tals, etc. 


74 Mixer for Every Application 


TOP-ENTERING MIXERS— 
portable and filange-mounted 
types. 


THE “GENERAL” a liquid mixer de- 
signed for general mixing operations. 


PORTEREDUCER a sub- 

stantially-built unit for 

heavy-duty service. 

Speeds as low as 4 

r.p.m, in a complete 

size range from 
h.p. up. 


'* 
DOUBLE-RIBBON MIX- 
ERS heavy-duty ma- 
chines for speedy mix- 
ing of heavy materials. 


PAINT AND PASTE MIXERS 
CHANGE-CAN AND substantially constructed for 
PONY MIXERS for me- heavy duty mixing of viscous 
chanical dispersion of liquids. 
liquids, pastes, or 
powders. 
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Resistance Unit—Scale 
is calibrated over a 10- 
inch length. Simplified 
assembly and precision 
machining for reproduc- 
ible settings. Stainless 
steel plug and orifice. 





Proportional Band 
Seale—colibrated from 
2 to 100% over. 4-inch 


close limits in all settings. 


MODEL 12617-20 


1.2 of from 0.8 to 2.0 
specific gravity. 


Setting Index Scale— 
provides control point set- 
ting through full level 
range. Vernier knob for 
smooth and positive ad- 
justment. 


MASON-NEILAN REGULATOR 
1182 Adams Street, Boston 24, 
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hx THIS issue of PETROLEUM REFINER three arti- 
clés deal with a novel phase of conservation. E. O. 
Thompson, chairman of the Texas Railroad Commis- 
sion, raised the question before the annual meeting of 
the Natural Gasoline Association 
: of America on the premise that 
Expanding high-octane fuels take more 
Conservation 

better engine performance. 


Perhaps the industry needs to explore the ramifica- 
tions of conservation. For too long there has been a 
sense of complacency once a gas flare has been re- 
moved from sight. Gas turned into the atmosphere or 
burned in the field produces no energy, consequently 
the practices have earned the designation of waste. 


But these gases may be piped away from field burn- 
ing or venting and still accomplish no useful purpose. 
A pilot light which keeps a supply of hot water con- 
stantly available, although the family bath comes but 
once a week may not offend the public but there is a 
question of the usefulness of the pilot light. 


The three articles from the annual meeting of the 
NGAA, one by William Holaday and associates of 


Socony-Vacuum Oil Company, and one by G. G.°’ 


Oberfell and R. C. Alden of Phillips Petroleum Com- 
pany, deal with subject matter of a higher level than 
the pilot light under a hot-water heater but the issue 
is that simple. 


It will be well for this industry as well as its related 
automotive industry to consider conservation from 
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from yield than.they provide in- 


the wider viewpoint of use. Putting hydrocarbons to 
their highest possible use has its merits and it is a 
contribution to public welfare. 


As ISSUE that comes quickly to the surface after 
a strike is called is that of industry-wide bargaining. 
It is readily understandable that a labor organization 
will be stronger when it gains the privilege of deter- 
mining policy for all the workers within 
an industry or a corporation of inter- 
state character. It is equally understand- 
National abje that ownership of a corporation op- 
poses this range of labor relationship. 

Of more importance than thé desire of men in either 
of these groups is the fate of the men who go out on 
strike. Under what form of contract will the men who 


Local or 


‘work in a plant fare best? That is a matter for men 


to decide and it would seem like good sense for in- 
dividual groups to meet and give that consideration. 

Handing over the right to work to any set of men 
is distasteful, whether the set be men of management 
or men of labor. The farther the set is removed from 
the men who work the less workable becomes any con- 
tract. It is the way of things that men in authority 
seek to better their positions and in this way are not 
prone to give attention to individuals in.remote places. 

All of this comes to mind after reading some adver- 
tisements of both J. S. Allen, superintendent of The 
Pure Oil Company, Smiths Bluff, and Oil Workers 
International Union, Local No. 228. While not the 
only issue the question of a contract with the local or 
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& In catalytic cracking, it’s the over-all on-stream efficiency that counts. And that 


One Houdry licensee recently turned around two TCC units with an expenditure of only Ba 
16,000 man-hours. Another turned around two units with 25,000 man-hours. A third turned 


around a single TCC unit with only 9,700 man-hours. The on-stream periods of these five 
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units had averaged better than 200 days. They were turned around with an expenditure eve 


of less than one man-hour per year per barrel of daily thru-put! « side 
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These are typical—not extraordinary—examples of how TC C’s basic simplicity of design ple 


pays off in minimum maintenance. Its shorter turn-around time saves money and man-hours. # 


This is of particular advantage in refining operations of relatively small size, where a T 


single catalytic unit is the only source of high-quality fuel. It is easy for such a refiner to sid 
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with the council of Pure Oil Groups is paramount. 
Still the advertising is between management of a single 


plant and the CIO local. 


It is not the function of an editorial to judge be- 
tween the rival elements. But here is a significant sen- 


tence from the Allen advertisement : 


“You and I can settle this strike before sun-up 


tomorrow.” 


D ESPITE a concentration of hazardous operations, 


Texas City had an excellent record of safety. In their 
own activity the men who operated the refining and 
chemical plants of the area knew they worked under 

dangerous conditions and so conducted 


themselves that accidents were few. 


Truly 
Tragic 


of a ship. It is doubtful that they knew the nature of 
the cargo. 

For that reason the word tragic fits the Texas City 
disaster. Men were dealing with an unknown hazard. 
Determining the responsibility for this may be valu- 


able for the future. It is to the credit of the processing 


industry that it is fighting back to normal operation 


with every indication that Texas City will continue 


to grow as an industrial center. 
Out of this may come something advanced in 
safety. Instead of accident prevention remaining an 


individual plant affair, perhaps it will be better to 


have a over-all accident prevention board. 


{™ paragraph from the remarks of J. F. Lincoln 
before the Canadian Club of Toronto gave this 
analysis of the consequence of government being 
in the business of keeping peace in industrial af- 
fairs: 

“We have in the United States the Wag- 
ner Act, which was supposed and was said 


Bad 
Law 


ever, it does just the opposite. It sets up on one 
side of the table a group of people called manage- 


ment; on the other side of the table a group of peo- 


ple called labor, and tells them to fight until one 
or the other gives up and the winner writes the 
contract.” 

That those responsible for the federal law con- 
sidered it good legislation is certain. That it 
brought on a period of bickering and strife is evi- 
dent. Why those who are shoved over into the 
group known as Labor have not insisted on changes 


in the Wagner Acct is difficult to understand. Cer- 


tainly it gave the labor agitator a means for forc- 
ing men into a group which was set apart from 
other men. 

Men came up from slavery, when they were the 
chattel of those who.owned the tools. Then it was 
work or Starve, and the owner of the tools set up 
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These were the men who went promptly 
and willingly to remove a hazard that came 
suddenly before them—a fire in the hold 


would eliminate any friction between man- 
agement and men. We have found, how- 


the conditions under which men worked.. Men 
worked in fear, and their work was typical of the 
attitude under which they worked. 

Under’a vicious labor law, men may be forced 
to work in fear just as they were and can, be har- 
rassed by the owner of the plant or the plough. 

Freedom to work is what men want and what 
they deserve. The ‘Wagner Act came along with a 
stamp “Labor’s Magna Carta,” but it fell far short 
of that. Under it neither element within industry 
found any freedom. Force became the weapon and 
good workmen do not thrive under that attitude. 

Just now there is a drive to amend the statutes 
that affect industrial activity, especially the human 
relationships of industry. Unfortunately all of this 
is known. as the “labor laws.” It is to be hoped 
that freedom of no group is further curtailed in 
this drive to amend what has proved to be sorry 
legislation. 

Human beings deserve the privilege to work 
rather than the right to sit at a table and bicker. 


Be JRE the John Nooter Boiler Works Company, 
St. Louis, embarked on its plant expansion program, 
the reaction of its employes was determined. At 
Christmas last year Robert J. Ryan, general manager, 
in his talk to employes outlined crowded 
conditions and dwelt on the fact that no 
concern can increase wages and reduce 
hours except by increased production 
through more efficient operation. 

“T went on to explain,” he said, “that we had great 
faith in the future and were not at all worried about 
oyr labor relations. I asked the men point blank 
whether they agreed with me and whether they 
thought it safe for us to expand. There was a unan- 
imous roar of approval, and we planned accordingly. 
| suppose it was the first time,a manufacturer has 
asked approval of his employes for an expansion pro- 
gram.” 


Advice 
Asked 


| response can be had from many 
promises, two of which are lower cost of merchandise 
and care of the oppressed. Just now these two are 
much before the public with the President of the 
United States in favor of voluntary re- 
duction of prices as well as in favor of 
putting money behind the oppressed 
Turks and Greeks. 

That the cause of democracy is weak 
in the Mediterranean area is admitted. That its im- 
provement is desirable also is admitted. Also, no one 
has come forth-in opposition to lower costs of essen- 
tials of life in the United States. 

The two objectives are in conflict, however, and 
that is where we are lending ear to double talk. So 
long as the goods produced in the United States are 
sent to feed, clothe and warm oppressed people, costs 
of merchandise at home will go up rather than down. 


Double 
Talk 
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Thank you, Mr. MCCormick- 
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ae With all due modesty, but be 

considerable gratification we q' 

reprint above the final para- Ms 

graph of a letter from Mr. E. B. tc 

McCormick, Chief Engineer of al 

Cosden Petroleum Corporation, hs 

Big Spring, Texas. This letter is al 

an individual statement of the ne 

opinion widely held among ce 

refinery engineers regarding = 

Elliott mechanical drive tur- ei 

bines. The dependable perform- St 

ance of these units is keeping a 

great many refinery operating - 

staffs happy. 1 

Turbine bulletin on request — . 

write today. r 

fe 
Two ‘of the Elliott mechanical drive 

turbines which drive rotary pumps at ia L L l oO T T Cc Oo M P A N Y: 
See a Steam Turbine Department, JEANNETTE, PA. 
iain Plants in: JEANNETTE, PA. + RIDGWAY, PA. * SPRINGFIELD, 0. > NEWARK, N. J. 
DISTRICT OFFICES IN PRINCIPAL CITIES 

THE DEPENDABLE STEAM DRIVE FOR “a 
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Factors Affecting Quality and Supply of 
Internal-Combustion-Engine Fuels 


WILLIAM M. HOLADAY, R. E. ALBRIGHT, T. L. APJOHN and E. F. MILLER 
Socony-Vacuum Oil Company, New York 


|: the war the petroleum industry in this 
country performed a spectacular job in keeping the 
Allied war machine supplied with fuels and lubri- 
cants. A good illustration of this performance was the 
increase in aviation-gasoline production from a peace- 
time level of about 15,000.to a wartime peak of nearly 
700,000 barrels per day. This and other wartime 
achievements of the petroleum industry have been 
well publicized and have left in many quarters the 
impression that the industry can produce any hydro- 
carbon product desired in unlimited quantity at low 
cost. Of course, this is not the truth. Many wartime 
operations, including aviation-gasoline production, 
were wastful in terms of both money and raw ma- 
terials. Under the emergency conditions there could 
be little concern over the conversion of substantial 
quantities of crude oil to fixed gases which had little 
economic value, or to the fact that uneconomical 
quantities of both equipment and chemicals were used 
to produce the desired products in sufficient quantity 
and of the proper quality. 

The object of this paper is to reorient those who 
have false impressions concerning the industry’s 
ability to produce any hydrocarbon product eco- 
nomically and to present some reasonable estimates 
concerning the future quality and quantity of the 
more important petroleum fuels. 

In the first section of this paper consideration is 
given to past, present and future petroleum product 
supply and demand. 

Figure 1 presents graphically the trend in consump- 
tion of all petroleum products in this country from 
1925 through 1946 and an estimated trend through 
1960. In the past 20 years consumption has more 
than doubled, reaching a figure of 434 million barrels 
per day in 1946. The demand is expected to increase 
another 15 percent to a level of 5% million barrels 
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Consumption of petroleum products in the United States 
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D URING the past 20 years, consumption of petroleum products 
in this country has been more than doubled. Increasing demand 
is expected to continue for the next 10 to 15 years, although at 
a much slower rate. Motor-gasoline production, now accounting 
for approximately 40 percent of this consumption, is expected to 
increase several additional percent. Fuel oils currently account 
for another 40 percent of total consumption. Increased avail- 
ability of both gasoline and distillate fuel oils will be largely * 
| at the expense of residual fuel. 
| Concurrent with predicted increases in motor gasoline con- 
sumption, an increase in the next five years of 3 to 4 octane 
numbers above current levels is being studied. for regular grade 
gasolines and an increase of 5 to 7 octane numbers for premium 
gasolines. These anticipated quality demands lead to the con- 
clusions that (1) tetraethyl lead levels in gasoline will increase, 
(2) catalytic-cracking processing will be expanded, and (3) 
naphtha-reforming processes, such as polyforming and hydro- 
forming will come into more extensive use. 

The trend to catalytic cracking and specialized reforming 
should result in the marketing of gasolines with higher 90 percent 
distillation temperatures in order to utilize most economically 
the high-octane number, higher-boiling gasoline fractions. This 
will be accompanied by some increases in front-end volatility 
in order that overall volatility will not be adversely affected. 

With the greater gasoline yields and higher quality demanded, 
smaller volumes of high-cetane number diesel fuels will be avail- 
able. At the same time, the characteristics of domestic-heating 
oils will change in the direction of higher carbon-to-hydrogen 
ratios having higher Btu content per gallon, but at the same time 
having some shortcomings with particular reference to poorer 
combustion characteristics in certain current design vaporizing- 
type oil burners. For the major part, equipment consuming those 
products falling into the fuel oil category can and will be adapted 
to the us: of the quality of products available, For small specific 
uses, product segregation will continue to be practiced, but 
probably at increased cost to the consumer. 

This paper was presented before the Twenty-Sixth Annual 
Convention of Natural Gasoline Association of America, Dallas, 
Texas, April 23-25, 1947. 











per day within the next 10 to 12 years. Contrary to 
expectations, demand was higher in 1946—the first 
full peacetime year—than during the war. 


The disposition of the principal products making 
up these consumption figures is shown in Figure 2 
for the years 1904 to 1946 with estimates for 1960. 
It shows the change during the first World War in 
the major objective of the petroleum refiner from the 
production of kerosine to that of gasoline. Gasoline 
production now amounts to about 42 percent of the 
total. Fuel oils now account for 40 percent, kerosine 


6 percent, lubricants 4 percent and miscellaneous . 


products—including such materials as solvents, 
waxes, asphalt and road oils—about 10 percent. 
Changes in these relative figures in the next 10 to 15 
years will be small, with a slight trend, percentage- 
wise, toward increased gasoline and distillate fuel oil 
production at the expense of residual fuels. 


As background for the subsequent review of quality 
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FIGURE 2 
Relative consumption of principal petroleum products 


trends, a few comments on the individual components 
of fuel oils and gasoline and their sources should be 
made. 

The information in Figure 3 indicates that fuel oil 
consumption centers about four basic products—kero- 
sine, diesel fuel, distillate fuel oil, and residual fuel 
oil. The latter product accounts for over half the total 
production in this category and corresponds to some- 
what more than 20 percent of total consumption. Dis- 
tillate fuel accounts for another 25 percent and, along 
with diesel fuel use, has increased consistently. In 
contrast, residual fuel use has been declining per- 


TABLE 1 
Relative Domestic Demands for Diesel feel 










































Percent of Total 
1939 1948 
Vessels 59.1 28.6 
Gas and Electric Companies 6.4 7.4 
era and Mines 6.1 13.0 
U. 8. Army, Navy and Coast Guard 4.5 6.1 
Railroads ° 4.5 24.5 
Miscellaneous® 19.4 20.4 
100.0 100.0 
Volume consumption, thousands of barrela/year.. 24,000 49,000 
* Includes trucks and buses. 
OISTILLATE 
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FIGURE 3 
Fuel oil distribution by type of stock 
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centage-wise except during the war years when sub- 
stantial additional quantities were required largely 
for naval and marine activities. Residual fuel has 
been looked upon as the product giving the lease 
return to the refiner and will, therefore, be utilized 
insofar as possible as the source of additional gasoline 
and distillate fuel oil to meet future expanded de- 
mands for these products. 

The rapidly expanding application of diesel equip- 
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Consumption of motor fuel in United States, showing expansion of 
cracking 


ment suggests a more detailed examination of prewar 
and estimated postwar utilization of diesel fuels. Table 
1 shows the relative domestic demands for diesel fuel 
for 1939 and the estimated demands for 1948. The 
most startling factor in the doubled yearly consump- 
tion from 1939 to 1948 is a six-fold increase in de- 
mand by the railroads, percentage-wise, or ten-fold 
increase volume-wise. 

Gasoline consumption falls principally into the 
motor and aviation grades. Prewar, aviation gasoline 
was less than 1 percent of the total. During the war 
this figure increased to about 35 percent. In the next 
five years it is estimated aviation gasoline consump- 
tion will be in the range of 5 to 6 percent of the total 
gasoline produced. 

The consumption of motor gasoline in the United 
States is shown in Figure 4 for the years 1918 
through 1946. This increase in consumption of eight 
fold in a period of less than 30 years has been made 
possible only by decomposition—cracking—of heavier 
stocks so that now the composite finished motor fuel 
contains slightly more than 50 percent of cracked 
components. 

Considering further the utilization of cracked 
stocks for motor fuel, Figure 5 indicates the relative 
portion of thermally cracked and catalytically 
cracked gasolines. The latter process was introduced 
commercially in 1936, but its contribution to gasoline 
production has been relatively insignificant until the 
postwar period. The catalytic cracking capacity at the 
outbreak of the war and that built during the war was 
used primarily for the production of aviation gasoline 
blending stocks. The ten-fold increase in catalytic 
cracking capacity during the war now yields about 
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18 percent of the total motor gasoline or about 35 
percent of the cracked stock produced in 1946. Also 
shown on this chart for 1946 is the distribution of the 
catalytic stocks among the major catalytic processes 
and similarly the distribution of thermal stocks as 
produced by the principal thermal processes. 

The motivating factor in the development and 
application of new refining equipment, at least 
through the middle ’30’s, was the increase in demand 
for light products, particularly gasoline. Fortunately, 
quality improvements by way of thermal cracking 
were obtained simultaneously with increased output 
at no cost directly attributable to quality increases. 
Subsequent to that time, capital outlay for processing 
equipment has been made not only to enhance the 
AVERAGE OF REGULAR : 


8 GRADE GASOLINES 


es 


80 


76 


OCTANE 
NUMBER ?@ 


68 


MOTOR 


METHOD 


64 
60 
1930 32 34 "3% ‘38 40 42 44 46 48 


FIGURE 6 
Trends in antiknock quality of motor fuels 
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quantity of gasoline production but also the quality. 
This trend reached a peak during the war years when 
the installation of new refinery equipment was predi- 
cated almost entirely upon its ability to produce high- 
octane aviation gasolines. The majority of this equip- 
ment yielded high-quality products with no more 
degradation of crude oil than previously practiced in 
thermal cracking. In fact, alkylation units installed 
during this period recovered liquid products, from 
gases that otherwise had no value as motor fuel. With 
over-all demands for gasoline likely to increase over 
the next 5 to 10 years, it seems to be a foregone con- 
clusion that refinery processing changes will continue 
to be made for the purpose of increasing quality as 
well as quantity. The following section will, there- 
fore, give some consideration of trends in product 
quality and some of the reasons behind these trends. 


May, 1947_A Gulf Publishing Company Publication 


Gasoline Quality Trends 
Motor Fuel Antiknock Quality 

Quality improvements in gasolines most eagerly 
sought by refiners in the immediate prewar and war 
years evolved almost exclusively around antiknock 
quality. Advancements in automotive-engihe design 
requiring higher octane numbers, and competitive 
spirit on the part of gasoline producers were respon- 
sible for upward trends. 

Figures 6 and 7 show average antiknock qualities 
of regular and premium grades from 1930 to 1947, and 
predictions through 1952. Such predictions may be 
obtained from any of several sources for the asking; 
however, they are usually influenced to quite an 
extent by the business interests of the forecaster. At 
the same time it is recognized that a sound funda- 
mental analysis cannot be made of the many factors 
which control antiknock-quality levels, such as auto- 
motive design advances, general, economic trends, 
fluctuations in quantity supply and demand, and 
competitive considerations. For example, current eco- 
nomic conditions are such that the demand for gaso- 
line is unprecedented. Estimates of requirements dur- 
ing the coming year are, constantly being revised 
upward. At the moment, refining equipment is operat- 
ing close to maximum capacity and crude production 
lags behind runs to stills. Such conditions are not 
conducive to antiknock quality increases. 

With these reservations, the prediction indicates an 
increase in over-all quality in the next five years 
roughly equal to that which took place in the five 
prewar years. The equivalent increase in the two 
periods does not, of course, represent equal effort on 
the part of the fuel producer since advances in the 
higher range are more difficult and more, costly to 
obtain in terms of equipment and raw materials. 
Thus, the increases in ASTM (Motor Method) octane 
numbers from 81 to 86 in premium, and from 76 to 79 
in regular grade in the postwar period to 1952 actually 
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represent more in the way of refining equipment or 
cost, or both, than similar over-all increment in the 
immediate prewar years. 

It is anticipated that the Research Method octane 
number should increase somewhat more rapidly than 
the Motor Method octane number as a result of more 
drastic cracking operations. This type of processing 
increases aromatic and olefin content of the finished 
fuel, making it less knock sensitive to the lower 
operating temperatures of the Research Method 
procedure. From the antiknock quality standpoint, 
engine designers should embrace all possible means 
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of establishing engine design and operating variables 
which take advantage of the higher potential octane 
number quality—ag indicated by Research Method 
octane ratings—that may be obtained from gasolines 
of today and tomorrow. 
These estimates of antiknock quality trends assign 
the major improvement to the premium grade in 
which the improvement was less spectacular in the 
late thirties and early forties. It is believed that the 
logic of this may, be gleaned from Figure 8, a chart 
showing a relationship between octane number and 
the percent of cars satisfied at various engine speeds. 
If, as generally believed, the critical low-speed road 
octane number of a fuel is somewhat above its Motor 
Method rating but below the Research, the pre-lead 
restriction average regular-grade fuel would satisfy 
nearly 90 percent of the cars on the road. Fuel re- 
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Percent of cars giving trace knock or less as a function of octane number 
and engine speed 


quirements of all cars currently in production—and, 
from some reports, those that will be produced over 
the next year and a half—do not differ materially 
from those produced during the past six years, which 
are well represented in the data constituting Figure 8. 
Therefore, 10 percent of the cars on the road, and, in 
addition, those which are designed and produced over 
the next few years utilizing higher compression ratios, 
will require premium fuel. The object of several major 
manufacturers of higher-priced cars appears to be to 
utilize higher compression ratios and thereby require 
fuels with Motor Method and Research Method 
ratings in the range of 85 and 95, respectively. 

The likelihood of octane-number levels increasing 
beyond this point is questionable both on the basis of 
automotive engine performance data and on the 
revolution in refinery operations that would have to 
occur to make appreciable quantities of fuel of sub- 
stantially higher antiknock quality. One estimate 
would indicate that no more than 100,000 barrels per 
day of 100-octane motor gasoline could be produced 
while simultaneously manufacturing aviation gasoline 
to meet requirements and a regular grade in the range 
of 78 octane number. This would be only slightly 
more than 5 percent of total motor-fuel production. 
On the basis of technical data made available by the 
automotive industry, there would appear to be little 
economic justification for antiknock quality going 
appreciably above the 85-95 (Motor Method, Research 
Method) octane level. At the same time, with existing 
refining processes, diminishing returns on a volume 
basis result when the emphasis is placed on high anti- 
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TABLE 2 


Yield Octane Relationships for Reforming 250-400° F. 
Oklahoma City Type Naphtha 


A—THERMAL REFORMING AT 8000 PSIG AND 1000° F. 














Volume Percent Reformed Gaseline*..... | 100 80 80 70 
(R.V.P.—10 psia) (Naphtha Charge) 
Motor Method Octane Number: am “ - 
+ SERRE RE LIOR & 36 60 68 72 
+3 mi TEL/gal.................... § 75 81 83 
1939 Research Octane Number: 
Clear........ Pe EE OES . 38 62 75 82 
+3 mi TEL/gal. ve ae. ‘ ; 78 88 93 








B—POLYFORMING (NO OUTSIDE GAS) AT 1500 PSIG AND 1050° F. 











Volume Percent Polyformed Gasoline*. ._. 100 90 80 | 7 
(R.V.P.—10 psia) Naphtha Charge) 
Motor Method Octane Number: ' 
tics . 1 2 . 36 68 74 7 
+3 ml TEL/gal.. 80 83 84 
1939 Research Octane Number: 
OO eee . 38 77 85 89 
+3 ml TEL/gal 88 93 96 











* Based on naphtha charge. 


knock quality. For purposes of illustration, the data 
in Table 2 are presented showing the yield-octane 
number data for thermal reforming and polyforming 
operation on a 250°-400° F. Oklahoma City type 
naphtha. This represents the kind of material that 
will have to be upgraded in this manner to produce 
higher octane number gasolines. The yields shown are 
based on the naphtha charge and were calculated 
assuming production of a 10-pound Reid vapor pres- 
sure finished gasoline. As may be seen, the initial 
reduction in volume of 10 percent results in a 24 to 39 
unit increase in clear octane number. The subsequent 
reductions in yield of 10 to 20 percent for octane 
number increases in the range of 7 to 10 units are 
quite striking. 

There exist only two practical routes to higher 
octane number without loss in yield; first, the use of 
increased tetraethyl lead, and second, the replacement 
of thermal-cracking facilities with catalytic-cracking 
equipment. With the trend toward higher octane 
number, it is concluded that both these routes will be 
followed, together with an increased recourse to 
naphtha-reforming processes, particularly polyform- 
ing and hydroforming, even at the expense of yield. 


Motor Fuel Volatility 

A factor of growing significance to the petroleum 
refiner is fuel volatility. The new and revised process- 
ing which will have to be undertaken to meet anti- 
knock quality requirements could affect markedly 
both the vapor pressure and distillation character- 
istics of the fuel representing most economical pro- 


_duction. 


Figure 9 shows the trend in Reid vapor pressure for 
summer and winter gasolines during the past 10 
years. In general there is little difference between 
regular and premium grades. Seasonal differences 
average about 2% pounds, with greater differences 0 
gasolines marketed in Northern areas, and smallet 
ones in gasoline marketed on the Pacific Coast and 
in the Southern areas. A general upward trend in 
vapor pressure may be noted during the prewar years 
with a rather sharp drop during the war. This de 
crease was dictated by the utilization of lighter frac- 
tions, particularly butanes, in the manufacture 0 
aviation gasoline and synthetic rubber. 

From the automotive-equipment standpoint, vapor 
pressures may be expected to resume their gradually 
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Reid vapor pressures of average mofor gasolines 


increasing trend of the prewar years. This is account- 
able to improvements in car design involving larger 
fuel pumps and the location of fuel lines away from 
hot engine surfaces, which have reduced vapor-locking 
tendencies. Of course, no abrupt increases in allow- 
able vapor pressure can be anticipated since many 
cars of older design will continue in operation and 
would vapor lock on higher vapor pressure gasolines. 

Heavier thermal cracking and deeper reforming for 
octane-number improvement will result in production 
of more butanes which will be substantially in excess 
of requirements to meet vapor-pressure specifications. 
From the materials conservation standpoint, if not to 
supplement antiknock improvement, it would appear 
that more polymerization of butylenes and propylenes 
must be practiced. These same gases also may be 
partially converted to liquid products by polyforming 
operations. 

Figure 10 and Figure 11 indicate the trend in 10- 
percent and 90-percent ASTM distillation tempera- 
tures over the past 10 years for regular grade and 
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FIGURE 10 
Variation of regular-grade motor fuel volatility 


premium grade gasolines, respectively. Both 10-per- 
cent and 90-percent points show slight but definite 
reduction during the prewar years. This coincides 
with antiknock quality increases, indicating the ten- 
dency to discard the heavier, less-volatile fractions of 
Straight-run and thermally-cracked gasoline which 
are much lower in octane number than the lighter 
fractions. There is additional evidence of this practice 


May, 1947—A Gulf Publishing Company Publication 


TABLE 3 


Octane Number Characteristics of Motor Gasoline Fractions 
from Catalytic Cracking 


+ 


A—CUT POINTS OF FRACTIONS, °F, FROM PARAFFINIC CHARGE STOCK 


78-104 | 104-158|158-212/212-257 257-300|300-356 356-400 
Motor Method Octane Number: 


CR i 5s. aa ee 83% | 79% | 74 74 76 78 75 
+3 ml TEL/gal..»....... 99 93 87 8644 | 864% | 864] 84 



































B—CUT POINTS OF FRACTIONS, °F, FROM NAPHTHENIC CHARGE STOCK 





78-104 | 104-158 158-212 212-257 257-300|300-356 356-400 





Motor Method Octane Number:| 
| eR or 86 HY. 77 74 81 87 83 
+3 mi TEL/gal.......... >100 93 89 88. 91 94 91 


























in the lower 90-percent distillation temperatures for 
the higher-octane premium-grade gasolines. 

With about 20 percent of the total gasoline produc- 
tion now consisting of catalytically-cracked com- 
ponents, it may be anticipated that this downward 
trend in 90-percent ASTM distillation temperatures 
will reverse. It has been amply demonstrated that the 
heavier fractions of catalytically-cracked gasolines 
are high in antiknock quality. Table 3 presents data 
supporting this statement, showing the clear and 
leaded Motor Method octane numbers of six fractions 
from each of two catalytically-cracked motor gaso- 
lines. Using paraffinic charge stocks, octane numbers 
in the range of 75 to 80 can be maintained in the 300° 
F. to 400° F. boiling fraction. On the particular 
naphthenic charge stocks used in the illustration, 
octane numbers in the 300 to 400° F. ranges are 
substantially higher than those in the intermediate 
range, averaging 85. 

The significance of this reversion to higher 90-per- 
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Variation of premium-grade motor fuel volatility 


cent-point fuels with regard to motor-vehicle per- 
formance has been evaluated quite carefully and it is 
recognized that variation in fuel 90-percent point is 
related to engine warm-up. This relationship is shown 
in Figure 12, which is a nomograph for evaluating 
fuel warm-up quality from a knowledge of the 10-, 
50- and 90-percent distillation temperatures. The 
procedure in using this chart is to draw from the 90- 
percent point to the 10-percent point, from this inter- 
section to the 50-percent point, from this point hori- 
zontally to the atmospheric temperature lines and 
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FIGURE 12 
Relation of ASTM distillation characteristics to vehicle warm-up 


thence vertically to the miles to warm-up. The value 
obtained in this fashion is the average of individual 
values obtained in a variety of passenger cars by an 
arbitrary but critical test procedure. The miles-to- 
warm-up value obtained from the nomograph is ap- 
preciably higher than the miles driven by the average 
motorist before he considers his engine “warmed-up.” 
Since 75 percent of the cars on the road are not fitted 
with automatic chokes, these data were derived from 
cars having manual chokes. Automatic chokes, when 
properly adjusted, do ‘substantially reduce, if not 
nearly eliminate, the warm-up period. 

It is apparent from this chart that constant warm- 
up quality can be achieved in fuels differing widely 
in 90-percent point by appropriate modifications’ in 
the 10- or 50-percent point temperature. Quantita- 
tively, an increase in the 90-percent point tempera- 
ture of 10° F. can be compensatéd by a reduction of 
3° F. in the 10-percent point temperature or alter- 
nately by a 4° F. reduction in the 50-percent point 
temperature. 

The data on which the foregoing correlations are 
based have been obtained over a period of years by 
road tests and chassis dynamometer cold room tests. 
Supplementing this test work, employe-owned and 
operated cars have been used to establish, among 
other things, consumer reaction to fuels of varying 
warm-up quality. One such program—conducted in 
the vicinity of Paulsboro, New Jersey, during the 
summer of 1946—utilized fuels having 90-percent 
points as high as 420° F. The least volatile of these 
fuels, had in addition to a 420° F. 90-percent point, 
a 50-percent point of 285° F. This fuel—used in six 
vehicles for 4000 to 7000 miles over a period of three 
months—had no detrimental effect on engine lubrica- 
tion or on engine cleanliness. However, from the 
standpoint of consumer reaction based on warm-up 
performance, the fuel was quite unsatisfactory. 

The contribution of reduced 10-percent point tem- 
peratures is shown in Figure 13. Here is illustrated 
the relation between possible starting temperature 
and the fuel 10-percent point. It reveals that a reduc- 
tion of 10° F. in the 10-percent point lowers the pos- 
sible starting temperature by about 4° F. 

The relation between fuel volatility and engine per- 
formance is a subject worthy of further study by both 
the petroleum refiner and the engine designer. While 
the relation of volatility to warm-up and starting has 
been mentioned, we know that fuel economy and the 
tendency to detonation are also related to this char- 
acteristic. Improved fuel and air distribution to the 
individual cylinders as a result of improved mani- 
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folding are primary factors in improving fuel eco- 
nomy through the use of leaner mixtures. At the 
same time, detonation tendency should be reduced 
by the elimination of one or two unduly lean cylinders 
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which may also be receiving the lowest-octane-num- As 1 
ber fuel constituents. refiner’ 
dictate: 
Aviation. Fuels quirem 
Relatively little needs to be said on the subject of | Jucts re 
aviation fuels. met. I 
Private aircraft requirements for some time to produc 
come will be fulfilled by unleaded 80-octane gasoline ff be ada 
which is now available in most sections of the coun- For sm 
try. In time, private aircraft engines and fuel systems tinue t 
may be designed to permit operation on motor gaso- to the | 
line as a steady diet. However, this change probably Diesel 
will not come about until the sales of private aircraft Whi 
are sufficient to pay for the necessary engineering rapidly 
changes. of the 
Military requirements for conventional aircraft for 194. 
fuels will center about Grade 115/145 antiknock ductior 
quality. However, the combined military and com- probab 
mercial demand for this product probably will not consid 
reach a very high level. One of the most important or hig! 
factors in this regard is the rapid development of fuel at 
aircraft gas-turbine power plant, although wide-spread appare 
adoption—particularly commercial—is still dependent drawn 
upon further engineering development. be suf 
Development work on fuels for gas turbines is pro- higher 
ceeding along two lines, one on the low volatility, vation 
100° F. minimum flash point, kerosine type, and the tamed | 
second on a 5- to 7-pound Reid vapor pressure, 600° Tabl 
F. end point, combination gasoline-fuel oil type. diene! 
Supply considerations favor the latter type and this discuss; 
factor together with reduced explosion hazard to dniest: 
incendiary gun fire make it more attractive to the 
military services. The higher-flash type should be Fuel O 
preferred by commercial interests because of its prob- _ The 
able reduced fire hazard under such circumstances as rag 
a crash landing. the fu 
To date, insufficient information is available on the some ¢ 
performance of fuels in full-scale jet engines, nor has crackir 
engine development proceeded to a point where ulti- the sar 
mate limitations can be placed upon composition. This —* 
and other fuel characteristics are presently being liquid | 
studied in full-scale equipment by the Services and tuel pr 
the National Advisory Committee for Aeronautics likewis 
The trend away from the restrictive specification oer 
issued by the Services during the war is evidenced ye 
is ] eral at 
em and als 
cee ee ON POINT ASTM DIST cracker 
r0 Pret distilla 
< ail higher 
a ” value | 
$ > oe pel 
POSSIBLE 
STARTING 
Teme “F 
ag “a 
» il ) woe 7 
wwe 
conn® 
7 aa Mash Poi 
# of ASTM Dis 
: Initial 
10 Per 
. Bes i on 
= = 5 “ te 
10% POINT, ASTM DISTILLATION TEMP,*F ree, Wei 
FIGURE 13 me 
Variation in possible starting temperature of 10-percent-ASTM 
distillation —— 
Petroleum Refiner—V ol. 26, No. ? May, 1 









O- 
he 
ed 


rs 


a 
) 
t 
' 


- 


— ae Ov Cr rr tét«SG? 





in the proposed turbo-jet fuel specification recently 
circulated to the petroleum industry by the Navy. 


Fuel Oil Quality Trends 

As in the past 30 years, it is anticipated that basic 
refinery processing over the next 5 to 10 years will be 
dictated largely by gasoline quantity and quality re- 
quirements. Fuel oil demands must be met with prod- 
ucts remaining after these primary requirements are 
met. f or the major part, equipment consuming those 
products falling into the fuel oil category can and will 
be adapted to use the quality of products available. 
For small, specific uses, product segregation will con- 
tinue to be practiced, but probably at increased cost 
to the ultimate consumer. 


Diesel Fuels 

While the demand for diesel fuels is growing 
rapidly, consumption is still a relatively small portion 
of the total distillate fuel oil market. It is estimated 
for 1948 that only 17 percent of the distillate fuel pro- 
duction will be consumed in diesel engines. Further, 
probably less than 25 percent of this quantity will be 
considered as high quality; that is, 42 cetane number 
or higher. Recognizing this relation between diesel 
fuel and distillate fuel for heating purposes, it is 
apparent that diesel fuel supplies generally will be 
drawn from heating-oil stocks. Otherwise there must 
be sufficient economic justification in the use of 
higher ignition quality to warrent special stock segre- 
gation and distribution facilities and possibly addi- 
tional refinery processing, such as solvent extraction. 

Table 4 lists estimated characteristics of future 
diesel fuels and their anticipated availability. The 
discussion which follows on the processing aspects of 
domestic-heating fuels applies generaily to diesel fuels. 
Fuel Oil 

The trend toward increased use of catalytic crack- 
ing and more drastic cracking operations will affect 
the fuel oil quality and supply of various grades to 
some degree. One significant factor is that catalytic- 
cracking operations produce no residual fuel oil. At 
the same time, catalytic-cracking technique is being 
improved to-handle higher-boiling crude fractions and 
liquid residuum to supplement gasoline and distillate 
fuel production. The thermal coking of residuums is 
likewise attractive economically in some areas for 
conversion to salable coke, distillate fuels and good 
antiknock-quality gasolines. 

Distillate fuels from catalytic processing have sev- 
eral attributes over stocks from thermal cracking— 
and also some purported shortcomings. Catalytically- 
cracked fuels are more stable than thermal. Catalytic 
distillates are more aromatic in nature and thus have 
higher carbon-to-hydrogen ratios and greater heating 
value per gallon than either thermal or straight-run 























TABLE 4 
Estimated Characteristics of Future Diesel Fuels 
Light 
Premium | Premium | Regular | Economy 
Diesel Diesel Diesel Diesel 
Fuel Fuel Fuel Fuel 
Re 40-41 33-41 30-38 22-34 
Flash  , Fee 125-160 140-220 140-180 160-210 
ASTM Distillation, °F.: 
Initial Boiling Point 330-390 350-460 320-400 360-460 
10 Percent Recovered 370-420 420-510 400-440 440-500 
50 Percent Recovered . 420-460 | 465-530 | 450-500 | 490-560 
90 Percent Recovered 460-520 575-650 560-650 590-680 
___End Point. ...... 500-570 625-700 600-700 650-730 
Sulfur, Weight Percent 0.1-9.5 0.1-0.8 0.3-1.3 0.3-2.0 
iseosity, SSU at 100° F 31-33 33-37 33-38 37-41 
Cetane Number 45-50 45-50 36-42 25-40 
Availability | Mest Few AH Few 
Localities | Localities | Localities | Localities 
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products. Unfortunately, this characteristic has been 
found responsible for carbonization difficulties in 
certain vaporizing-type domestic burners. Redesign 
to overcome this failing is possible, and several manu- 
facturers of this equipment have produced. units 
capable of burning 100 percent catalytically-cracked 
fuels without trouble and others are working on the 
problem. The atomizing types of domestic burners 
can use these fuel oils very satisfactorily. 


Conclusion 

The petroleum refiner will be faced, over the next © 
5 to 10 years, with a gradually increasing consumer 
demand for motor fuels of higher antiknock quality. 
This demand will necessitate changes in refining 
equipment—specifically, increased use of catalytic 
cracking, polymerization, polyforming and _ hydro- 
forming is anticipated. In addition, it is logical to 
expect the tetraethyl lead content of motor gasolines 
to increase somewhat. Concurrent with these changes 
in refinery processing, gasolines of higher vapor pres- 
sure and higher 90-percent distilled temperatures will 
be produced in the interests of maximum yield and 
quality. Limitations in these directions will be im- 
posed by cars currently in use and under design. The 
designers of new engines should evaluate the signifi- 
cance of these changes in fuel so gasoline power 
plants may be engineered to take advantage of future 
gasolines. 

Reciprocating aircraft engine fuel quality will prob- 
ably reach its apex in Grade 115/145, and, barring 
another war, should be readily available in the quanti- 
ties required. Turbo-jet aircraft engine development 
is expected to simplify supply problems by allowing 
less restrictive fuel quality requirements. 

Demands for diesel fuels and domestic heating oils 
are expected to increase at a more rapid rate than 
demands for gasolines. Diesel engine and domestic 
burner requirements will be met with products re- 
maining after gasoline quantity and quality require- 
ments are satisfied. The major part of the equipment 
consuming these products will be adapted to use 
products generally available. 

The demand for crude petroleum is currently at 
levels representing the most efficient production of 
existing fields. All available refining capacity is pres- 
ently being used to meet unprecedented demands. In 
fact, there is evidence that much old equipment, par- 
ticularly thermal cracking which should have been 
junked, is currently operating to satisfy requirements 
for products. The industry, as a whole, would appear 
to be forced into a substantial building program to 
meet future quantity and quality requirements. This 
building covers the entire gamut of operations from 
crude-oil production to the finishing of the individual! 
products and will require an enormous expenditure of 
capital. Faced with inflated prices and costs in the 
endeavor to produce incremental quantities of the 
products in high demand, the manufacturers of equip- 
ment utilizing petroleum products should be cogni- 
zant of the fact that more stringent quality require- 
ments will pyramid these costs. Compensation for this 
latter increment in cost must. be made evident in a 
comparable improvement in performance or economy 
to the equipment user. Thus, manufacturers of auto- 
motive equipment should study this problem carefully 
and balance improvements in fuel economy through 
the use of higher compression ratios requiring higher 
quality fuel as against the mechanism of decreasing 
weight of engines and vehicles, and other innovations 
which will not require higher antiknock gasolines. 
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Octane Versus Conservation 


ERNEST O. THOMPSON, Chairman, Texas Railroad Commission 


 cluieaivicriote of oil and natural gas has come 
a long way since 1932. Reference to that date is made 
only to give the scope of the writer’s study and 
intimate observation of the advance of the technology 
and science of getting a barrel of oil to the surface 
and then through the pipe lines to the refinery and 
thence through the 400,000 filling stations of the 
United States, to the motors of the citizen. 

Surely gasoline and oil are important to the welfare 
and happiness and contentment of our people. 

It is proper also to state that gasoline today is one 
necessity of modern life that is of far superior quality 
and still much cheaper than the gasoline of 20 years 
ago. In 1920, gasoline was 26 cents a gallon in the 
Mid-Continent, and then there was no gasoline tax. 
Today regular gasoline sells at the pump in Dallas at 
21 cents a gallon, including 6 cents a gallon gasoline 
taxes. Compare this price with bread, butter, or meat. 
Regular gasoline, less tax, is 15 cents a gallon today 
in Dallas. 

Advertising has made the motorist octane con- 
scious. Yet few motorists know what octane is, and 
fewer how it affects the operations of their cars. 

It is a lot like our insisting on our rice being white. 
That is what the public has been educated to want. 
They do not stop to think that the polishing of rice 
takes a lot of the nutrition from it. It is the same way 
about gasoline. A lot of money is spent clearing up 
the color to please the eye. 

Engineers in the motor industry and in the petro- 
leum industry, have made plain one fact. Namely that 
the average motorist gets no added performance of 
his motor for the additional octane numbers above, 
say, 65 in motor cars up to and including the 1947 
models. Provided proper adjustments have been made 
and the engine has been maintained in good order, 
octane numbers above this level appear to be rela- 
tively unimportant. Almost any mechanic can read 
the motor car manuals and then adjust the spark so 
that the engine will knock even when using 80-octane 
gasoline. Conversely, it can be adjusted to give very 
satisfactory performance on 65- to 7%0-octane. It 
would take a college graduate with at least four years 
training as a chemist, an engineer and a technician, 
with the aid of specialized testing equipment to ascer- 
tain the difference in performance and horsepower of 
the engine when using 65-octane on the one hand as 
compared to using the much more expensive 80- 
octane on the other—provided the engine in each case 
has been properly adjusted for the fuel. 

If the motorist truly wants miles for his dollars, he 
will quit paying extra cents per gallon for those extra 
octane numbers that do not add anything to his 
motor’s performance. 

Conservation is still an issue. Petroleum resources 
which were counted on to carry us for years in the 
future have been consumed for war. We are now 
forced to look halfway around the world for emer- 
gency supplies of oil to fuel our Navy. In spite of 
continued drilling and the use of more scientific 
methods for finding reserves, known reserves have 
been reduced. 

During 1946 this country produced 1,733,424,000 
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, a paper presents an angle of conservation heretofore littie: 
discussed. Arguments are presented to show that production of 
gasoline of high-antiknock quality is resulting in loss of 75,000,000 
barrels of crude oil annually, together with an indefinite volume 
of light fractions. Further, it is shown that because of current 
methods of processing crude oil for gasolines the by-products of 

. that processing enters into competition with liquid products proc- 
essed from natural gas—with a corresponding depressing effect 
upon the latter. This gives regulatory authorities real concern, the 
author states. 

The accompanying text is the paper delivered before the 
Twenty-sixth Annual Convention of the Natural Gasoline Associa- 
tion of America, Dallas, April 24, 1947. An appendix (too volu- 
minous to read at the meeting and omitted here) quotes at length 








the authorities cited in the bibliography. 3 


barrels of crude oil and 115,153,000 barrels of natural 
gasoline, cycle products and liquefied petroleum 
gases. Proven reserves as of January, 1947, total 
20,873,560,000 barrels of crude oil and 3,321,027,000 
barrels of natural gasoline, cycle products and lique- 
fied petroleum gases.’ 

It is gratifying to consider the remarkable results 
of the cooperative efforts put forth by state regula- 
tory bodies and the petroleum industry to improve 
the efficiency of oil and gas production in the interest 
of conservation. With few exceptions, waste has been 
eliminated and petroleum reserves are being produced 
in an efficient manner. 

For some unexplained reason, petroleum conserva- 
tion has taken on the limited definition which restricts 
the application of the term to the production of crude 
hydrocarbons—or at most includes the processing of 
these crude materials into specification products. On 
the basis of such a limited definition—conservation 
has been successful, but why should our concern end 
at the refinery? It is not sufficient that the maximum 
crude be recovered from the reservoirs—or that the 
refineries process that crude efficiently. We must re- 
member that petroleum resources are funds of poten- 
tial energy and our concept of petroleum conservation 
must be broadened to include the efficient utilization 
of that energy. From the standpoint of the motorist, 
who is primarily interested in conservation as it 
affects motor-fuel supply, the best conservation pro- 
gram is the one which will give the most miles per 
barrel or per pound of crude. 

With this broader concept of petroleum conserva- 
tion in mind, we have reviewed the subject of motor 
fuels and engines as it is related to the problem. Be 
cause of its technical nature, such subject matter is 
confined to the technical journals so that the average 
motorist, and perhaps the average engineer, never 
becomes familiar with the problem. With all due 
regard for past achievements of the motor industry— 
there is evidenced a decided room for improvement 
from the standpoint of petroleum economy. It 15 
amazing how many technical articles have been 
written on fuels and engines by representatives 0 
the refining and motor industries during the past 10 
years—showing how real improvements can be 
achieved—and in a few respects it is amazing how 
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little has been done about it. Perhaps the car de- 
signers and motorists are too much preoccupied with 
sleek body jobs to worry much about petroleum econ- 
omy, but the technical record shows that improved 
car design-and better maintenance would pay im- 
portant dividends in customer satisfaction and in 
petroleum economy. 

The point of this paper, which I believe is ade- 
quately confirmed by the literature references of the 
bibliography, is that present-day cars do not require 
fuels having octane numbers higher than—or as high 
as—those currently available. Any excess octane 
quality which is obtained at the expense of yield is 
poor economy and a waste. 

There appears to be no disagreement between auto- 
motive engineers and refinery motor-fuel experts on 
the factors which are important to the problems of 
octane requirement, fuel economy, and engine per- 
formance. 

It is now well known that neither the ASTM Motor 
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Method nor the CFR Research Method octane num- 
bers adequately express the road performance of a 
fuel. In general the former correlates with high-speed 
and the latter with low-speed performance, but no 
simple combination will correlate with road perform- 
ance over the full-speed range.** Recently there has 
been much emphasis placed on the difference between 
the Research and Motor Method numbers which is 
expressed as “sensitivity” or “jump” and which is a 
measure of the degree to which a fuel has been 
cracked or reformed. The availability of wartime 
cracking and reforming capacity in certain refineries 
and the sales appeal of higher numbers are the most 
important factors in this emphasis at this time. Cer- 
tainly there is no evidence to show that higher octane 
numbers are needed for operating reasons. 

1. Basic ignition timing has received more attention 
than any other single item. Apparently the automo- 
tive engineers strive for an optimum spark setting 
which will deliver close to maximum power under 
any operating speed. Such a setting requires that the 
engine be actually detonating under full acceleration 
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with the fuel used. Almost without exception the 
service manuals issued by the car manufacturers 
recommend adjusting the spark advance until a 
“slight ping” is obtained on full throttle acceleration. 

The primary effect of this practice of adjusting the 
spark advance until detonation is obtained is to make 
it literally impossible ever to eliminate engine detona- 
tion by production and use of higher octane gasoline. 
As higher octane fuels are made available to eliminate 
knock complaints the recommended practice for ad- 
justing cars in service will see to it that the improve- 
ment is offset and the knocking is retained. This 
situation has resulted in the amazing observation, 
pointed out in several octane-number surveys, that’ 
so-called octane requirements were not so much a 
direct function of car design or operating conditions 
as of the octane number of the fuel available in a 
given territory.® 

This basic spark-setting practice whic keeps the 
knock forever with us might be reasonably condoned 
if the gain in power or mileage were significant—but 
such does not appear to be the case. Various road-test 
programs have all come up with substantially the 
same answers of which the following are typical as 
reported by Van Hartesveldt and Field in 1940." 


(a) Increasing the road octane number from 74 to 77 
yielded only 1.8 percent increased power and a further 
increase to 80 octane number yielded only an additional 
1.3 percent increased power. 

(b) Increasing road octane number from 74 to 80 gave no 
increase in mileage at 40 miles per hour for level-road 
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driving and showed only 2.5 percent increased mileage 
at 20 miles per hour with two-thirds throttle. 

(c) Increasing road octane number from 74 to 77 gave no 
difference in acceleration time. 

(d) Increasing octane number from 74 to 77 affected knock 
as follows: 
Approximately 40 percent of cars—no difference. 
Approximately 40 percent of cars—doubtful difference. 
Approximately 20 percent of cars—noticeable reduction 

with the higher octane fuel. 
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Other investigators have reported power losses of 
the order of only 2 percent and reductions in octane 
number requirement of 10 to 20 numbers by simply 
retarding spark from the maximum power setting. 

In this connection it is interesting to note the effect 
of knock on power loss. In 1939 MacCoull reported 
that on several cars tested, hardly 2 percent in power 
loss occurred with a “medium” knock and that this 
small power loss accompanied use of a gasoline of 
almost 15 octane numbers lower value than required 
for complete absence of knock.*® 

Another investigator states that “when high-octane 
gasoline is used in a car that does not knock on the 
lower-octane material no improvement in perform- 
ance results; and when a car that knocks is fueled 
with a high-octane gasoline, the knock is reduced, but 
no additional power nor gasoline mileage is gained 
unless the knock was extremely loud. Knock must be 
so loud for power loss that no motorist with normal 
hearing, driving such a car, would fail to take the car 
to a repair shop.’” 

2. Variation in spark timing from cylinder to cylinder 
in an engine has been shown to be also a serious diffi- 
culty. One investigator points out that by actual tests 
on individual cylinders of a stock car, some cylinders 
required as much as 35 degrees spark advance over 
normal advance before audible change in knock in- 
tensity occurred, whereas, other cylinders gave ap- 
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preciable increase in audible detonation with only an 
advance of 0.5 degree above normal. From one limited 
survey, octane requirement between cars of the same 
make and model has been reported to vary as much 
as 23 octane numbers. Variations such as these are 
traceable largely to variation in engine-distributor- 
cam angle which can be corrected by reducing manu- 
facturing tolerance.® In the absence of corrective 
measures it is obvious that the cylinder having the 
greatest spark advance or the car requiring the high- 
est octane number will in large measure determine 
the general level of octane number of the motor fuel 
marketed.”° 

3. Mixture distribution is an important factor in deter- 
mining octane requirement. With the complicated 
manifolding of present-day cars it is extremely diffi- 
cult to obtain uniform air-fuel ratios of all cylinders. 
Maldistribution results in segregation of TEL content 
or of high-octane fractions to certain favored cylinders 
with the other cylinders penalized and the octane re- 
quirement of the engine increased. With perfectly 
synchronized spark advance to all cylinders, it is re- 
ported that the effect of varying mixture strength to 
individual cylinders may cause a variation in octane 
requirement of 15 numbers between individual cylin- 
ders. Maldistribution is worse for gasolines of higher 
boiling range, and this difficulty can be materially 
reduced by using more volatile gasolines.® 
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4. Manifold heat, used to vaporize gasolines of low 
Volatility, increases the octane requirement. Increased 
volatility of motor fuels reduces the necessity for high 
manifold temperatures but poor mixture distribution 
prevents the elimination of manifold heating.® 

5. Engine speed has an important effect on octane 
number requirement. A recent paper has shown. that 
increasing speed from 1000 to 2500 revolutions per 
minute (20 to 50 miles per hour approximately) re- 
duces the octane requirement by 10 or more numbers. 
New type transmissions, which will prevent low- 
speed loading, will permit use of lower-octane fuels. 
Incidentally, such improvement will favor paraffinic 
or saturated type gasolines instead of cracked, olefinic 
type products.” 
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6. Engine maintenance is strictly the responsibility of 
the motorist and therefore may not be as susceptible 
to improvement as are changes in the design and 
basic adjustment of the engine. Too few car owners 
have any appreciation of the improvement in per- 
formance which can be obtained by periodic checkups, 
and they are therefore prone to postpone servicing as 
long as possible. Removal of combustion-chamber 
deposits alone has been observed to reduce octane 
requirement as much as 15 numbers, with 8 or 10 
numbers being an average improvement which may 
be expected for deposit removal after 15,000 miles of 
driving.*? 

In a paper before the SAE in November, 1943, A. 
T. Colwell listed the major methods for improvement 
of economy in order of importance as follows :”* 


1. Transmissions and rear-axle ratio. 

2. Rolling resistance, wind resistance, and car weights. 
3. Engine size—number of cylinders. 

4. Compression ratio. 


This listing may be surprising in that the major 
emphasis is not on increased compression ratio requir- 
ing highly refined, and expensive, high-octane fuels. 

By decreasing rear-axle ratio from 4.3 to 3.6, which 
would decrease performance slightly in the low-speed 
range, an additional 3 miles per gallon can be had. 

Reducing car weight from 3500 to 3000 pounds 
could improve economy by 3 to 5 miles per gallon 
without loss in performance if rear-axle ratio was 
simultaneously reduced. 

As car weight is reduced, engine size can be re- 
duced and load factor increased to improve economy. 

Increase in compression ratios above the current 
6.5/1 will improve thermal efficiency and give more 
miles per gallon. However,-since an increase in com- 
pression ratio will require an increase in fuel octane 
number, this gain in economy may be a delusion. 

Loss in yield. from crude to produce higher-octane 
fuel may change this gain to an actual loss in fuel 
economy when considered on the basis of ton-miles 
per gallon of crude in$tead of per gallon of gasoline. 
Such a figure is exceedingly difficult to arrive at, but 
the viewpoint is nonetheless important. 

Additional benefits in economy ,are obtainable 
through proper design of fuel systems to use the 
maximum quantities of light hydrocarbons directly 
as fuel instead of requiring that they be. processed 
with loss in yield merely for devolatilization. Butanes 
and pentanes are important contributors to octane 
number and good performance. 

Operation of engines on leaner fuel mixtures may 
offer economy benefits. Increased spark-gap width 
and spark energy may be necessary to promote firing 
and earlier timing to promote complete burning of 
the fuel. If successful, there would be less loss due to 
unburned fuel going out the exhaust pipe. The same 
investigator who reports improvement in mileage ef- . 
fected by the use of wider than normal spark gaps 
also shows even greater improvements in gasoline 
economy through the use of a special exhaust mani- 
fold which minimizes resonance effects and thus 
improves scavenging.* 

All of the foregoing points bearing on octane-num- 
ber requirements and fuel economy have been ob- 
tained from technical literature cited in the bibliog- 
raphy. Most of the suggestions have been found to 
be repeated by several authorities. While the whole 
subject is not nearly as simple as has been presented, 
the salient factors have been covered. 

Our primary interest is conservation of petroleum 
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resources and it is our purpose here to remind every- 
one that conservation is not a practice limited to the 
oil field but rather that the same efficiency of con- 
servation practice should continue until the product 
is finally consumed. With this admonition to the au- 
tomotive people we are willing to leave the problem 
of better car design up to them. 

One astounding fact, however, stands out as an in- 
excusable situation. Both automotive and refinery en- 
gineers are apparently well agreed that, for one rea- 
son or another, the current high level of octane num- 
bers is unnecessary—and certainly we don’t need 
higher octane numbers at this time. Simple little im- 
provements in the design of distributors and in fac- 
tory and maintenance adjustment of spark tim- 
ing would permit reduction in current octane levels 
by 5 or 10 or 15 octane numbers with no noticeable 
reduction in mileage or performance. Most cars on 
the road today could well get along with less than 74 
octane fuel and yet there is every indication that the 
octane level is again increasing. One expert has re- 
ferred to the octane number as the “Refiner’s Will-of- 
the-Wisp,” because current practices render any im- 
provement short-lived.® 

In a paper published by Van Hartesveldt and Field 
in 1940,’ the authors estimated that the money cost 
of increasing octane number was approximately 5 
cents per barrel octane number and that, therefore, an 
increase in average octane level from 74 to 80 for the 
500,000,000 barrels produced per year in this country 
at the time of their estimate would cost somebody 
$150,000,000. . 

Aside from the money cost for octane improve- 
ment, there are important penalties in the more rapid 
depletion of petroleum reserves, both crude oil and 
naturally occuring light hydrocarbons. Consider first 
crude oil. When cracking processes first began to be 
used in the refining industry they rightly were con- 
sidered to be a means of increasing the total yield of 
gasoline from the crude. How different the situation 
is now as refiners under the control of a “magnificent 
obsession” for greater octane numbers now process 
good naphthas at a yield penalty of 20 to 30 per- 
cent in order to, get a few more octane numbers in 
- their overall refinery output of motor fuel. It is, of 
course, impossible to give an exact figure of the total 
yield penalties because of the many different types 
of crudes and processes used. However, from exam- 
ination of yield data for various processes, it appears 
that from 1.5 to 2.5 percent of motor fuel might be 
sacrificed for each increase of one octane number. 
Thus, raising the octane number of the current an- 
nual production of 750,000,000 barrels by one unit 
only would decrease the yield by perhaps 15,000,000 
barrels and this can only be made up by increased 
drafts on the total hydrocarbons reserves. An in- 
crease of 5 octane numbers, would mean an increase 
annual requirement of 75,000,000 barrels to offset 
these processing losses. 

Many of the processes which the refiner has used 
in the race to obtain high octanes result in the pro- 
duction of additional light fractions such as butanes 
and pentanes, duplicating and competing with sup- 
plies of these materials necessarily produced as an 
incident to the recovery of crude oil and natural gas. 
As a result there has been a total over-supply of 
these light fractions with very weak markets as was 
painfully obvious in the years preceding the recent 
war and again as recently as February and March, 
1946. Weak markets for these naturally available 
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light fractions have surely been conducive to waste, 
a waste which we conservation authorities have been 
fighting with every legal means at our disposal. 
There is no way of knowing the magnitude of this 
waste but its reality has been clearly apparent to 
many who have seen casinghead gas of 2- to 3-gallon 
content burning with rich, smoky flame in field flares 
—burning because the market price of the useful 
fractions it contained was so low that no sensible 
businessman would undertake the expenditure to 
recover them. I tell you that this condition has been 
caused by the attitude and policy of the industry in 
not recognizing that petroleum supply and demand 
should be based on an over-all hydrocarbon balance. 
If refiners wish to make a real contribution to the 
conservation of our hydrocarbon reserves, they can 
do so by programming their operations to use nat- 
urally available volatiles and discontinuing the trend 
toward excessive cracking and thermal processing 
which now in contrast to the early days results in 
less gasoline from a barrel of crude oil rather than 
more. At a time when all are concerned about our 
nation’s reserves of liquid hydrocarbons, the possible 
saving of 75,000,000 barrels of crude oil annually and 
an additional indefinite but certainly worth-while 
volume of natural light fractions is of sufficient mag- 
nitude to justify serious thought and reflection for 
every petroleum refiner and marketer. 

It gives regulatory authorities real concern. The 
fruits of oil and gas conservation in waste prevention 
incident to production of oil and gas—the light hydro- 
carbons—natural distillates and condensates should 
be given first consideration in filling refiners require- 
ments. We will have to, perhaps, consider these first, 
then supplement them with the balance from crude 
as needed in our allowable production orders. 


BIBLIOGRAPHY 


1U. S. Department of Interior, Bureau of Mines Monthly Petroleum 
Statement No. P 283. 

2 Deegan, Charles J., “Light Hydrocarbons to Fore in New API 
Method of Estimating Reserves,’ Oil and Gas Journal 45, 136-137, 
March 22, 1947. 

% Bartholomew, Earl, “Coming Motor Fuels Promise 
Economy and Performance,” SAE Journal 54, 54-59 (1946). << 

4 Wagener, C. R., Ross, W. B., Henderson, L. M., and Risk, T. H., 
“Improved Motor Fuels Through Selective Blending,” Refiner and 
Natural Gasoline Manufacturer 20, 436-448 (1941). 

SScheumann, W. W., “Octane Number—The Refiner’s Wiil-O’-The- 
Wisp,” Refiner and Natural Gasoline Manufacturer 19, 102-106 (1940). 

*Hebl, L. E., and Rendell, T. B., “Spark Timing—Its Relation to 
Road Octane Numbers and Performance,’’ SAE Journal (Transac- 
tions) 44, 210-220 (1939). 

™Van Hartesveldt, C. H., and Field, H. W., ‘“Knocking Octanes,” 
Refiner and Natural Gasoline Manufacturer 19, 209-214 (1940). 

§MacCoull, Neil, “Power Loss Accompanying Detonation,” SAE 
Journal (Transactions) 44, 154-160 (1939). : 

® Blackwood, A. J., Kass, C. B., and Lewis, O. G., “Multicylinder 
Engine Detonation and Mixture Distribution,’”’ SAE Journal (Trans- 
actions) 44, 125-140 (1939). 

1° Greenshields, R. J., and Hebl, L. E., 
Influenced By Ignition Timing Maintenance,” 
Gasoline Manufacturer 19, 419-423 (1940). 

11 Risk, R. H., “Factors Affecting the Antiknock Performance of 
Post-War Fuels,”’ SAE Journal (Transactions) 52, 213-221 (1944). 

22 Trimble, H. M., and Bottenberg, K. C., “Fuel Quality Require- 
ments As Affected By Items of Motor Maintenance,” Refiner and 
Natural Gasoline Manufacturer 19, 424-425, 444 (1940). 

18 Colwell, A. T., “The Effect of Wartime Fuel Developments Upon 
Postwar Automobiles,” SAE Journal (Transactions) 52, 1-12 (1944). 

144 Youngren, H. L., “Engineering for Better Fuel Economy,” SAE 
Journal (Transactions) 49, 432-441 (1941). 


Improved 


“Engine Performance As 
Refiner and Natural 


" ADDITIONAL REFERENCES 


Additional references were made in an appendix to this paper 
(not published here). 

MacCoull, Neil., Hollister, K. L. and Crone, Roy C., “Effect of 
Altitude on Antiknock Requirements of Cars,” Refiner and Natural 
Gasoline Manufacturer 16, 534-541 (1937). 

Colwell, A. T., “Powering Future Cars,” 
(1946). 

Boyd, T. A., and Lovell, W. G., “Trends In Automobile Design 
Match Evolution In Fuels,’ Refiner and Natural Gasoline Manufac- 
turer 19, 445-450 (1940). ’ 

Baster, Forest S., “Possibilities of Gasoline-Engine Development,’ 
Refiner and Natural Gasoline Manufacturer 23, 404-408 (1944). 

“Symposium—Commercial Vehicles and Lower-Octane Fuels,’’ SAE 
Journal (Transaction) 50, 125-158 (1942). 

Risk, T. H., and Jordan, Jane F., “‘Motor-Fuel Trends In Relation 
to Antiknock Requirements,” Oil and Gas Journal 45, 78-88, April 
5, 1947. . 


SAE Journal 54, 36-46 


Petroleum Refiner—V ol. 26, No. 4 














from 
featt 
for | 
cial ; 
for ¢ 
its Vi 
cons 
natu 
‘an ir 
The 
mark 
sents 
lique 
rate 
sign 
grow 
leum 
make 
even 


natu! 
term 
has b 
Not 
new 
more 
or as 
and | 
moto 

At 
of fie 
mise 
ted f: 
regar 
sente 


Fre 
stills 
lion t 
lion t 
was 
The t 
attain 

Du: 
try, v 
lusty 
exclu 
produ 
1 bart 
In 191 
motor 
rathet 
1930 ¢ 
matec 
comb 
const 

On 
line 
equiv 
moto 1 













May, 1 








ul 
le 





Natural Gasoline Looks Ahead 





G. G. OBERFELL and R. C. ALLEN 
Phillips Petroleum Company 


Wien the natural-gasoline industry looks ahead 
from the vantage point of 1947 one of the brightest 
features is to be found in the rapidly growing markets 
for liquefied petroleum gases for industrial, commer- 
cial and domestic fuel purposes and as raw materials 
for chemical manufacturing. This market is well on 
its way to a stature of two billion gallons a year and 
constitutes a major phase of present-day operations at 
natural-gasoline and distillate plants as well as being 
‘an important phase of operations at many refineries. 
The steady growth of the several .elements of this 
market is shown in Figure 11 which graphically pre- 
sents the available statistical data. The markets for 
liquefied petroleum gases have been increasing at the 
rate of about 30 percent per year and there is no 


' sign of abatement. As a matter of fact, the very rapid 


growth of the chemical utilization of liquefied petro- 
leum gases and renewed interest in the other markets 
makes it appear that the immediate future will see an 
even faster rate of growth. 

These developments bring new viewpoints to the 
natural-gasoline and distillate industries. Already the 
term of 15 years ago “percent extraction of butane” 
has been changed to “percent extraction of propane”. 
Not only are there new viewpoints but there are also 
new problems. For example, will field butanes be 
more valuable in the liquefied petroleum gas markets 
or as a refinery blending agent? Can field propane 
and butanes be used economically for conversion to 
motor-gasoline ingredients? 

At the present writing the most valuable large use 
of field butanes is in motor fuel and it is on this pre- 
mise that liquefied petroleum gases have been omit- 
ted from subsequent consideration in this paper, in 
regard to both the statistics and the viewpoints pre- 
sented. 


Gasoline Production 


From 1918 to 1946 inclusive the crude-oil’run to 
stills in the United States has amounted to 28.1 bil- 
lion barrels, from which have been obtained 11.2 bil- 
lion barrels of gasoline. In 1918 the yield of gasoline 
was 25.3 percent, while in 1946 it was 39.4 percent. 
The highest annual yield of gasoline was 45.0 percent 
attained in 1939. 

During this same period the natural-gasoline indus- 
try, which now includes the distillate industry as a 
lusty twin brother, has produced 1.3 billion barrels, 
excluding the liquefied petroleum gas production. The 
production of natural gasoline has amounted to about 
1 barrel for every 25 barrels of crude oil run to stills. 
In 1918 natural gasoline constituted 7.5 percent of the 
motor-fuel supply and this percentage increased 
rather steadily to a high of 11.9 percent in 1930. From 
1930 onward this percentage declined to a figure esti- 
mated to be about 7.0 percent in 1946. In 1946 the 
combined distillate and natural-gasoline production 
constituted 11.6 percent of the motor-fuel supply. 

_ On the assumption that each barrel of natural gaso- 
line and distillate produced has had the crude oil 
equivalency represented by the then current yield of 
motor fuel from crude oil the production of natural 
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L ioueriep petroleum gas markets are expécted to play an 
increasingly important part in the natural-gasoline industry. This 
market is found in industrial, commercial, and domestic fuel uses 
and as raw materials for chemical manufactures. 

In spite of the fact that all of the quality factors of motor 
fuels in the period 1935 to date have developed in @ direction 
theoretically inimical to the relative price of natural gasoline, 
this price has remained constant. Since high volatility is the prime 
determinant of the relative value of natural gasoline, it is the 
best news in years for the natural-gasoline industry that catalytic 
oil cracking may reverse the trend of the past fifteen years by 
making refinery-produced gasolines less volatile. In addition, 
several other factors that tend to increase natural-gasoline re- 
quirements in refinery blending uses are cited, and motor-fuel 
problems are discussed from the standpoint of automotive en- 
gineers and of refinery men. Possible joint-enterprise activity on 
the part of automotive, refinery, and natural-gasoline interests 
are suggested. 

This paper was presented at the Twenty-Sixth Annual Conven- 
tion of the Natural Gasoline Association of America, Dallas, 
Texas, April 23-25, 1947. 











gasoline and distillate from 1918 to 1946 has been 
equivalent to 3,215,284,000 barrels of crude oil. In 
1946, if there had been no natural gasoline nor distil- 
late production, the crude oil demand at refineries 
would have been 1.96 billion instead of the 1.68 billion 
barrels per year that were run to stills, a difference of 
13 percent. 

As a matter of fact the contribution of natural gas- 
oline to petroleum conservation is even greater than 
the 13 percent cited above since natural gasoline is 
so great a factor in increasing the volatility and oc- 
tane number of motor fuel which improvements in 
turn have been partly responsible for the increased 
basic economy of automotive performance. 


Prices 


The price structure of natural gasoline provides 
interesting relationships as to the real contribution 
of the volatile gasolines produced by natural gasoline 
and distillate operations. In Figure 1 are shown the 
trends of the following factors from 1922 to date: 

(a) Differente in price of Group III house-brand and 

26/70 natural gasoline. 

(b) Octane number of four major central states house- 

brand gasolines. 

(c) Distillation temperature at 50 percent point, house- 

brand gasoline. 

(d) Vapor pressure of house-brand gasoline. 


In spite of the fact that all of the quality factors of 
motor fuels have developed in the latter half of this 
period in a direction theoretically inimical to the rel- 
ative price of natural gasoline, the relative price has 
remained practically constant. Of the several proper- 
ties the change in octane numbers of motor fuel has 
been most pronounced. It is remarkable that the rela- 
tive price of natural gasoline has remained so con- 
stant in the face of such striking increases in both the 
octane number and volatility of motor fuels. This 
state of affairs is all the more noteworthy when it is 
recalled that natural gasoline is sold on a vapor- 
pressure basis which has the effect of bringing the 
lowest prices for the highest-octane-number products. 
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One conclusion that may be reached from Figure 1 
is that high volatility is the prime determinant of the 
relative value of natural gasoline. It is, therefore, the 
best news in many years for the natural-gasoline in- 
dustry that catalytic oil cracking may reverse the 
trend of the past 15 years by making refinery-pro- 
duced gasolines less volatile. 

The lower sales price of natural gasoline as shown 
in Figure 1 is in part a reflection of its lower place 
value brought about by the need to ship the product 
to a refinery for blending with refinery-produced gas- 
olines. Nevertheless, the facts remain that in this ap- 
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Volatility and octane number of house-brand gasoline, price differential 
between house-brand and natural gasoline—Central States, 1922-1946. 


parently adverse market structure the natural gaso- 
line industry has grown, has fostered outstanding re- 
search programs, and is going strong. The industry 
possesses the very great economic advantage of sub- 
stantially lower manufacturing costs than prevail for 
the gasolines produced by complex refining processes. 
Economic Value of Natural Gasoline 

In this brief economic review three valuable attri- 
butes of natural and distillate gasolines have been 
demonstrated. First, without these products the need 
for crude oil to meet the nation’s motor fuel demand 
would be 13 percent greater with this figure increas- 
ing steadily with increasing distillate production. 
From the conservation viewpoint alone these volatile 
gasolines would be worth a high premium value. 
Second, in spite of the seeming importance of octane 
numbers, its high volatility has been the chief de- 
terminant in the relative market value of natural gas- 
oline. And third, the manufacturing costs of natural 
and distillate gasoline are substantially below those 
of much of the refinery-produced gasolines. On any 
of these bases, natural and distillate gasolines merit 
the most serious consideration of the refining and au- 
tomotive industries. 

Reverting to the question of the future trend in 
volatility of motor fuel there is considerable doubt in 
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the authors’ minds as to where the average motor fuel 
will become less volatile even with the addition of 
catalytic high-boiling naphthas. There are a number 
of other major developments, either in progress or 
to be anticipated, all but two of which tip the volatil- 
ity balance in the other direction. These several de- 
velopments are as follows: 


(1) The rapid growth of the distillate industry promises 
to add to the motor fuel supply a considerable quantity of 
highly volatile ingredients. In the past decade the volume of 
distillate production has risen from almost nil to its present 
stature of more than half of the natural gasoline production, 
Distillate production arises from deep petroleum deposits and 
it is to be anticipated that as deeper and deeper drilling is 
resorted to there will be more and more distillate produc- 
tion. 

(2) The octane number competition brought on by cata- 
lytic cracking and by automotive developments may force 
many refineries to make still more volatile straight-run gaso- 
lines and this will be particularly true of refineries where no 
modern facilities or not enough have been installed. 

(3) The heavy ends of straight-run gasoline and light 
naphthas excluded from the motor-fuel market will be sub- 
mitted to reforming operations which in turn will become 
more severe as a result of the demand for higher and higher 
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FIGURE 2 


Percentage composition (by manufacturing processes) of gasoline 
supply, 1918-1946. 


octane numbers. It is a well known fact that this will result 
in a marked increase in volatility. i 

(4) It is further to be anticipated that the severity ol 
thermal-cracking operations will have to be increased to keep 
pace with the octane-number demand and this too will result 
in an increase in volatility. 

(5) All of these operations, with catalytic cracking added, 
result in a considerable increase not only of very volatile 
vapor recovery gasoline but also of Cs and C, hydrocarbons 
at refineries. Conversion of the Cs and C, streams to motor 
fuel by catalytic polymerization and polyforming was wel 
advanced before the war. During the war alkylation was 
highly developed. It is to be expected that such operations 
will continue their growth and all of them result in gasolines 
of higher than average volatility. 

(6) The rapidly expanding market for aviation gasoline by 
virtue of its requirements for fuel of high volatility will have 
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a tendency to decrease the volatility available for motor fuel. 

(7) One other important factor which will tend toward 
lower volatility is the effect catalytic oil cracking operations 
will have on the naphtha reforming, thermal cracking, 
straight-run undercutting and other operations at refineries 
equipped with catalytic-cracking facilities. It is quite likely 
that many of these operations will be revised to produce gas- 
olines of reduced volatility. i 


Other Influences on Volatility 


There are, of course, many other factors which 
exert or may exert an influence on the volatility of 
the average motor fuel, such as the demands for sol- 
vent naphthas, kerosine, light distillates, the chemi- 
cal and fuel markets for light hydrocarbons, the de- 
velopments in jet and gas-turbine engines, the mar- 


while the other elements either become more volatile 
or remain constant in volatility. 

To be more specific on this point, it was thought it 
would be useful in this discussion to have an ap- 
praisal of the effect of the. addition of high-boiling 
naphthas on the volatility of motor fuel. For this pur- 
pose the motor fuel and the high-boiling naphtha 
with volatility characteristics as shown in Figure 3 
were selected. The high-boiling naphtha was blended 
with butane to the Reid vapor pressure of the gaso- 
line. This blend then was mixed with the gasoline so 
ratios of high-boiling naphtha to gasoline of 0.1, 0.2, 
0.3, 0.4 and 0.5 were obtained. The volatility charac- 
teristics of all the blends are also shown in Figure 3. 
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FIGURE 3 
Effect on ASTM-distillation curves .of adding high-boiling naphtha to motor fuel. 


kets for fuel oil and diesel fuel, and the growth of 
natural-gas-conversion processes such as modifica- 
tions of the Fischer-Tropsch process. It is thought, 
however, that the seven factors specifically cited 
above will exert the greatest influence in the immedi- 
ate future. 

Figure 2 is a graphical presentation of the past 
major sources of motor fuel, and illustrates the prob- 
able relative importance of the several factors men- 
tioned above. It is to be noted that straight-run gaso- 
line has declined rather steadily from about 80 per- 
cent of the supply in 1918 to about 38.percent in 1946. 
However, the proportion of the motor-fuel supply 
made up of natural gasoline and distillate has been 
increasing at almost the same rate as the straight-run 
gasoline proportion has been decreasing. The net re- 
sult is the production of virgin volatile gasolines has 
been about 50 percent of the total for the past eight 
years. It is anticipated this trend will continue. The 
production of “polyform,” cat poly and alkylate gaso- 
lines initiated in the middle and late 30’s now repre- 
sents about 8 percent of the supply and the propor- 
tion of these volatile gasolines should increase some- 
what. This leaves less than 42 percent of the supply 
to come from thermal and catalytic cracking and 
naphtha reforming. It is estimated that about half of 
this is now catalytic oil cracking and it is expected 
this proportion will increase at the expense of ther- 
mal cracking. This 20 percent is the major portion of 
the motor-fuel supply that will become less volatile 
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For the sake of this discussion it may be assumed 
that the motor fuel shown in Figure 3 is average in 
volatility. It is reasonable to expect that refineries 
without catalytic-cracking facilities will have to make 
their motor fuel more volatile than average and such 
gasolines will fall below the average motor-fuel curve. 
The motor fuel produced by the refinery with large 
catalytic-cracking capacity producing a very high 
ratio of high-boiling naphthas will be toward the mid- 
dle or less volatile side of the family of blend distilla- 
tion curves. 

When all factors are taken into account as shown 
by a general consideration of Figures 2 and 3 as to the 
effect of the. high-boiling naphthas from catalytic 
cracking on the volatility of the average motor fuel it 
is quite likely that the overall effect lies somewhere 
under the 0.1 ratio in Figure 3. The net effect of all 
factors may even result in an increase in the vola- 
tility of the average motor fuel. 


Variations in Volatility 

An important conclusion to be derived from a study 
of Figure 2 is that one may expect much greater vari- 
ations in the volatility of motor fuels than has been 
experienced in the past. Heretofore, it has been al- 
most axiomatic that an increase in octane numbers 
was accompanied by increased volatility. Conse- 
quently there was a more or less general trend. Re- 
gardless of the manufacturer’s proportionate supplies 
of straight-run, natural and cracked gasolines as oc- 
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tane numbers increased there was a corresponding 


grade gasolines and occasionally encountering ex- 


increase in volatility. Until a new equilibrium is tremes in volatility, this 1934 automobile would have Ss 
established the refinery without a supply of catalytic experienced much greater variations in mid-point 
naphthas will be forced to increase volatility in direct volatility. 

opposition to the volatility trend established by the. The 50-percent distillation temperature is of par- zz 
gasoline manufacturers who have catalytic naphthas. ticular importance in the settings of automatic chokes, q 
With the advent of the large-scale use of a greater No general data are available on the range in vola- 

variety of refining processes there is certain to be a_ tility that can be accommodated by a single setting 

greater variation in the volatility of motor fuels than of automatic chokes. Judging from a few random 

there has been in the past. This variation has been observations the range must be rather small. It would r 
large but rather consistent as is shown in Figures 4, seem that this feature of automotive design will merit 

5, and 6 which portray the deviations from the aver-_ careful engineering, for it is anticipated that the al- aver 
age of central states house-brand gasolines in the 10-, ready considerable variation shown in Figures 4, 5, — 
50-, and 90-percent distillation temperatures for the and 6 will become even greater. oom 


following: 
Most volatile house-brand gasolines. 
Average of 20 percent most volatile house-brand gasolines. 
Average of 20 percent least volatile house-brand gasolines. 
Least volatile house-brand gasolines. 
Average of premium gasolines. 
Average of third-grade gasolines. 


“High-Jump” Gasolines 
One other important general observation may be 
derived from Figure 2 and this is in regard to octane 
numbers and particularly in regard to the current 
emphasis, both technical and economic, that is being 
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Variability of 10-percent temperature of Central States motor gasolines. 





’ The data shown are quarterly averages. No pro- 
nounced seasonal trend is indicated in the deviations 
from average. 


Sectional Deviations 

When it is realized that on these deviations must 
be superimposed the variations in volatility of West, 
East and Gulf Coast gasolines, the variations in prem- 
ium and third-grade gasolines, and the long-term 
trend in volatility it will be concluded that the auto- 
motive engineer must design an engine capable of 
satisfactorily digesting motor fuels of a wide range 
in volatility. Thus the 1934 automobile during its 
normal eight-year life using only Central States 
house-brand gasolines within the 80-percent bracket 
could have encountered first quarter gasolines rang- 
ing in 50-percent points from 185 to 254°F. In its 
travels east, west, and south using premium and third- 
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placed on Research octane numbers and the great im- 
portance currently attributed to the so-called “high- 
jump” gasolines. The data presented in Figure 2 can 
be subdivided into processes that yield “high-jump” 
and “low-jump” motor fuels. On the “high-jump” 
side of the ledger can be placed thermal and catalytic 
oil cracking, naphtha reforming, polyforming and cat- 
alytic polymerization. On the “low-jump” side would 
be placed straight-run, natural, distillate and alkylate 
gasolines, which incidentally except for the last, have 
the lowest manufacturing costs. The “low-jump” gas- 
olines constitute about 53 percent of the motor fuel 


supply. 


Here again the automotive engineer is confronted 
with the certainty of a greater future variability in 
the quality of filling-station motor fuel than has ever 
prevailed in the past. On the one hand there will be 
the refinery with catalytic-oil-cracking facilities man- 
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FIGURE 5 
Variability of 50-percent temperature of Central States motor gasolines. 


ufacturing highly sensitive gasolines while on the 
other hand there will be refineries manufacturing 
motor fuels with relatively small differences in Re- 
search and Motor octane numbers. Somehow or other 
the large proportions of low-cost “low-jump” gaso- 
lines must be consumed. This situation calls for the 
utmost cooperation on the part of the automotive and 
petroleum industries. Either industry by virture of 


the investments it may make during the next few 
years may unnecessarily bring about major obsoles- 
cence with huge new investment requirements for the 
other. 

It was stated earlier in this paper that the octane 
number of natural gasoline has remained unchanged 
and that this has been particularly significant since 
the beginning of the “octane-number race.” There 
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Variability of 90-percent temperature of Central States motor gasolines. 
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are many reasons for this, but the chief reason is that 
natural gasoline has a very high octane number in 
its own right. This is demonstrated by Figure 7 which 
shows the clear and leaded octane numbers for a 
rather average natural gasoline as its vapor pressure 
is varied. A rough rule of thumb would be to add 68 


to the vapor pressure to get the octane number when. 


leaded with 2 c. c. TEL. The 26-pound natural gaso- 
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FIGURE 7 
Effect of Reid vapor pressure and TEL on 
octane number of natural gasoline. 


line with 2 c. c. TEL in Figure 7 has about 92 octane 
number. At 30 pounds vapor pressure the octane 
number. with 2 c. c. TEL would be about 94 octane 
number. 

This ready availability of a very high-octane-num- 
ber gasoline, constituting about 10 percent of the 
total motor-fuel supply, should strike a responsive 
chord among those automotive engineers who are 
contemplating the possibilities of much higher com- 
pression ratios. It should also strike a responsive 
chord among refinery engineers because the vapor- 
recovery gasoline produced at refineries could double 
the potential supply of high-vapor-pressure, high- 
octane-number gasoline. Thus on the one hand we see 
a large potential supply of a very high quality motor 
fuel while on the other hand there is specialized 
equipment in the form of trucks and buses where ap- 
plication might be economically achieved. In the 
background there is all the experience that has been 
gained in the producing, storing, transporting and 
handling of liquefied petroleum gases and especially 
the considerable direct use of liquefied petroleum 
gases in internal-combustion engines. 

To the natural-gasoline manufacturer the develop- 
ment of a direct use for his product would be of para- 
mount economic significance since it could alleviate 
to a large extent the place-value handicap heretofore 
mentioned. 
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The most significant aspect of such a development 
would be of a much broader scope than could be real- 
ized by the natural-gasoline industry alone in that it 
would substantially increase the motor-fuel yield from 
a barrel of crude oil. Thus if enough trucks and buses 
were equipped to use 10 percent of the motor-fuel 
consumption in the form of 30-pound-vapor-pressure 
gasoline it would have the effect of raising the aver- 
age vapor. pressure of motor fuel from its present 
level of about 10 pounds to 12 pounds. If such con- 
sumption amounted to 20 percent of the total the aver- 
age vapor pressure of motor fuel could be raised to 


‘ about 14 pounds. 


Quantities Involved 


It is interesting to speculate on the quantities in- 
volved in such a development using 1946 data. At the 
10 and 20 percent consumption levels the volume of 
C, hydrocarbons thus diverted directly to motor fuel 
would be 36,700,000 and 73,400,000 barrels per year in 
excess of that used in the 1946 motor fuel. These rep- 
resent about 4.8 and 9.5 percent of the total motor- 
fuel supply. On the basis of motor-fuel production 
only it would have been necessary to run to stills 
4,487,000 or 4,232,000 instead of the 4,743,000 barrels 
per day actually run. For the year the reduction in 
crude-oil requirements would have amounted to 93, 
147,000 and 186,294,000 barrels for the 10 and 20 per- 
cent consumption levels. The net conclusions of these 
calculations is that every barrel of additional butane 
so used, would reduce the refinery crude-oil require- 
ments for motor-fuel production by 2.5 barrels. 

These considerations suggest a possible joint enter- 
prise for the automotive, refining and natural-gaso- 
line industries in the form of the development of high- 
compression truck and bus engines and the necessary 
transportation, storage and marketing facilities for 
the utilization of high-vapor-pressure high-octane- 
number motor fuels. kis 

The natural-gasoline and distillate manufacturers 
are greatly interested in the many processes that have 
been advanced in recent years for the conversion and 
treatment of light hydrocarbons. Among these proc- 
esses may be mentioned alkylation, catalytic and 
thermal polymerization, isomerization, superfraction- 
ation, thermal and catalytic dehydrogenation, desul- 
furization, polyforming and catalytic reforming. An 
important factor in his interest is the knowledge that 
the products of his plant have a market value about 
equal to the market value of crude oil. If crude oil can 
be transported hundreds of miles and then subjected 
to these complex process steps why, should they not 
be economically applicable to his de luxe crude oil in 
the form of natural gasoline and liquefied petroleum 
gases? Thé answer invariably is that the small 
amount of feed stock available to the average-size 
natural-gasoline plant cannot under any circum- 
stances pay out the large investments which are dis- 
proportionately high primarily because of the small 
size of the operation. 


Significance of Gas Conversion 

However, the size of the operation can be multi- 
plied considerably if attention is given to the full sig- 
nificance of the gas-conversion processes. In effect 
these new processes say that propane and butane cer- 
tainly, and ethane less certainly, can be converted in 
high yields to motor fuel at low enough costs to be 
worthy of consideration. A study of natural-gas com- 
position data indicates that over and above the na- 
tural gasoline extracted the natural gas contains 
ethane, propane and excess butanes amounting to as 
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much as five times the gallonage of 26/70 natural 
gasoline. Thus in reality a 10,000-gallon-per-day na- 
tural-gasoline plant may have potentially a feed-stock 
supply amounting to as much as 1,000 barrels per day. 
Often there are several such plants in fairly close 
proximity. Four natural-gasoline plants of 10,000- 
gallon-per-day capacity could muster about 4,000 bar- 
rels per day of ethane and heavier charge stock and 
this would be in the range where economical-size gas- 


conversion plants might become possible. 


The basic concept in this suggestion is that natural- 
gas-processing plants would function as demethan- 
izers of an ethane and heavier “crude oil” which 
could be charged to a light-ends refinery. Much needs 
to be developed in regard to the demethanization step 
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FIGURE 8 





Effect on octane number of end-point undercutting of a sweetened 


11.5-pound natural gasoline. 


and also in regard to the processes for converting 
ethane, propane and butane to liquid products. 
Nevertheless, the possibilities exist. It is reasonably 
certain that some preliminary steps along these lines 
will be taken in the not too distant future. If econom- 
ically successful one may look forward to the day 
when recycling of distillate and pressure-mainten- 
ance-pool gas will be repeated with the second recycle 
for the recovery of ethane, propane and butane in- 
stead of for the recovery of distillate, natural gasoline 


and liquefied petroleum gases. 


The size of the light-end refinery suggested above 
can be multiplied further if to the ethane, propane, 
butane, and natural gasoline is added all or part of 
the straight-run gasoline in the crude oil associated 


with the natural-gas production. 


Operations at cycling plants are illustrative of the 
boost that straight-run gasoline might give to a 
light-ends refinery. One such example is the South 
Coles Levee cycling plant in California. The produc- 
tion and recovery data shown in the following tabu- 
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OCTANE NUNBER 


A.S.T.M, 


lation are from a recent brochure om this installation: 
In this case the total potential feed stock for a light- 











Production Percent Total Potential 

PRODUCT (Bbl./day) Recovery (Bbl./day) 
50° API Debutanized Condensate. ....... + REE eee 4,650 
pee ee eee 715 tone 715 
PATNI. 5S. Seder tbecsaliveked 660 98 673 
IS i ooiaceccchoccdd oi’ jokes 440 88 500 
Propane... .. og se RGR RTS 600 30 2,000 

Total. 7,065 nb ee 8,535 














gasoline. It may be estimated that the inclusion of 
ethane would raise this to sixteen times the natural 
gasoline. 

Based on averages pertaining to natural-gasoline 
situations it seems likely that oil pools or combina- 
tions of oil pools producing about 16,000 barrels per 
ends refinery is twelve times the volume of natural 
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FIGURE 9 
Effect of desulfurization on octane number of a 12-pound 
natural gasoline. 
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day might offer the potentiality of as much as 10,000 
barrels per day of ethane through straight-run gaso- 
line as feed stock for the light-ends refinery. This po- 
tential feed stock might have the following approxi- 
mate composition: 











Barrels Daily 
DineS ee ee  g. i5.c. 5 o0:cneh 50s ecag cess os oe ckkee cman 4,000 
PU UIE. « «5s 0-0 0.4.05 dney « equ ba¥ viubp see denna <amta heen 1,000 
Excess butanes................ 400 
isn b aD Od0 owdernciesbmdvs suds Vem Uess 0eier Reel Ree aera 1,100 
 Soneh ins coved 500 
, eee 10,000 





In this hypothetical case the potential feed stock for 
the all-inclusive light-ends refinery is 10 times the 
natural-gasoline production. 

It is not beyond the realm of possibility that hydro- 
genation of the topped crude oil using the hydrogen 
resulting from light gas conversion could be econom- 
ically possible to improve the “pumpability” of the 
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crude oil tor transportation purposes and to improve 
its “refinability” at destination. 

Admittedly such developments as these are very 
much in the future. They are, however, no stranger 
today than today’s practices were 20 years ago. 


Improvement of Antiknock 
To be more immediately practical the time may 
have arrived when natural-gasoline manufacturers 
will be compelled to improve the antiknock character- 
istics of natural gasoline. There are some expedients 
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FIGURE 10 


Octane number effects of superfractionation and isomerization of 
petane fraction of natural gasoline. 


that seem worthy of consideration at this time and 
for natural-gasoline plants as they exist today. The 


following are some of these expedients: 

(1) The elimination of a few percent of the heavy ends of 
natural gasoline has a disproportionate effect on the octane 
number and particularly the leaded octane number. The few 
percent of heavy ends of natural gasoline are made up mostly 
of absorption oil, lubricating oil and crude oil, and are very 
high in sulfur. The results of such an operation are shown in 
Figure 8. Data obtained subsequent to those shown in Figure 
8 have demonstrated that some of the octane-number im- 
provement illustrated was attributable to the desulfurization 
achieved by the operation. 

(2) The desulfurization of natural and distillate gasolines 
offers a low-cost method of improving the leaded octane num- 
bers of these materials. Figure 9 is illustrative of the results 
to be obtained by this procedure. 

(3) The extension of superfractionation at least to the 


pentanes fraction provides an opportunity to separate the. 


product into a premium “isonatural” and a very useful normal 
natural gasoline as illustrated in Figure 10. 

(4) he isomerization of normal pentane, which amounts 
to 10 to 20 percent of the 26/70 gasoline, gives a 27-octane- 
number increase to this portion of the product. Thus a cost 
of several cents a gallon of normal pentane would represent 
a fraction of a cent per gallon of 26/70 and would bring about 
an increase of two or more octane numbers in the overall 

poses ve entire product would fall on the top curve of 

igure 10. 

5) At distillate plants of sufficient size it seems probable 
that some variation of “polyforming” or of catalytic reform- 
ing will soon become necessary meee desirable. 
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(6) Natural gasoline could be separated very justifiably 
into two products with butane-pentane or butane-pentane- 
hexane mixtures going to refiners for refinery blending and 
the heavier ends going to local motor-fuel markets, to local 
refineries, or to crude-oil lines. 

Discussions of motor-fuel quality are very apt to 
give the impression that the octane number of auto- 
motive gasoline is the only property that needs con- 
sideration. For anyone who becomes too strongly 
wedded to this idea there is a very simple blind-fold 
test. Let him add 25 percent of low-vapor-pressure 
natural gasoline to his favorite gasoline and compare 
the performances of this blend with the performance 
of the favorite gasoline on practically any day be- 
tween November 1 and May 1. The experimenter, no 
matter how amateur, would be able to notice percep- 
tible differences in starting, in acceleration during 
warm-up and in acceleration after warm-up. In stop- 
and-go driving he would encounter a considerable im- 
provement in consumption with almost as good econ- 
omy in steady driving. Indeed the experimenter would 
discover how big the seconds and fractions of seconds 
are that are used in such expressions as “time to ac- 
celerate from 15 to 30 miles per hour.” 

Yes, volatility is the forgotten property of motor 
fuel. Nevertheless it is a basic factor in the design 
and performance of automotive engines. The fact that 
octane numbers have increased in recent years often 
is considered to be the only reason automotive en- 
gineers have been able to improve automotive per- 
formance. However, besides other factors, the concur- 
rent increase in‘ the volatility of motor fuel has also 
been a major contributor to this improvement in au- 
tomotive performance. And, as long as the blind-fold 
test mentioned earlier will work just that long will 
the natural-gasoline manufacturer be able to watch 
the octane number race with the detachment that has 
prevailed in the past. 
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FIGURE 11 
Annual sales of liquefied petroleum gases. 
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Stopgap Processes Versus 


Catalytic 


Cracking 


DAVIS READ, Universal Oil Products Company 


= economic studies have been made recently 
to evaluate various processes in order to determine 
the best method of improving octane number under 
specific refinery circumstances. In these studies the 
term “stopgap” has been applied to those methods or 
processes which will result in a moderate improve- 
ment in octane rating when incorporated in a given 
refinery scheme, but will not permit the production 
of reasonable quantities of 85-octane premium and 
80-octane house-brand gasoline. The selection of this 
quality of gasoline as a criterion for evaluation is 
somewhat arbitrary, but many refiners presently con- 
sider these grades to be a future goal. It is obvious 
that within the meaning of this definition a given 
process or modification of operation can be a stopgap 
measure in some cases and not in others, depending 
upon the amount of up-grading which has to be done. 

The following processes or methods of improving 
octane rating may be classified as stopgap measures 
in many cases: 
Undercutting gasoline 
Selective fractionation of gasoline 
Increased polymerization of gases 
Isoforming 
Reforming. 

Other processes, such as Unisol mercaptan extrac- 
tion or Gray catalytic desulfurization, might also be 
considered as stopgap measures when high-sulfur 
gasolines are produced. However, the improvement 
in octane rating and lead susceptibility of gasoline 
by the removal of sulfur compounds is a separate 
subject and is omitted from these discussions. 

This paper is intended to discuss the application of 
the above methods or processes to the refining of 
low-sulfur Mid-Continent crude and to compare the 
economics of various combinations of the .processes 
with fluid catalytic cracking. 

The quality of the straight-run gasoline produced 
usually has an important effect on the maximum 
octane level of the total gasoline a refiner can pro- 
duce with existing equipment. The wide variation in 
the yields and properties of the straight-run gasolines 
from various low-sulfur crudes are plotted versus the 
endpoint of the gasoline by Engler distillation on 
Figures 1-3. The gasolines were obtained from each 
crude by fractionation in a laboratory Hempel 
column. : 

In the economic studies which follow, the refining 
Schemes are all based on an average Mid-Continent 
crude containing 33.0 percent of 400° F.-endpoint 
§asoline having a Motor Method octane number’ of 


Ore Com 
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, paper discusses the economics of several processes or 
methods of operation which might be incorporated in the process- 
ing scheme of an average Mid-Continent refinery to increase 
octane rating. Those processes which will increase octane rating ° 
moderately but will not permit the production of reasonable 
quantities of 85-octane premium and 80-octane house-brand 
gasoline are termed stopgap measures. The addition of isoform- 
ing or reforming to the specific refinery processing scheme on 
which the studies are based results in an increased cost per gallon 
of gasoline produced. When fluid catalytic cracking replaces 
thermal cracking, the cost per gallon of gasoline is reduced. The 
comparisons which are made show that fluid catalytic cracking 
has the disadvantage of highest installation cost but the advan- 
tage of greater flexibility and the ability to convert heavy fuels 
to maximum yields of gasoline. The high Research octane number 
of gasoline made by fluid catalytic cracking, particularly at 
reactor temperatures of 950 to 1000° F., is an additional advan- 
tage for this process. 

This paper was presented before the semi-annual meeting of 
the National Petroleum Association, Cleveland, April 17, 1947. 











50 unleaded and 71 with 3 c.c. TEL per gallon. It is 
apparent from these plots that the octane number of 
this type of gasoline can be increased to about 61 
unleaded and approximately 81 with 3 c.c. TEL per 
gallon by reducing the end point to 270° F., which 
is the basis selected for under-cutting the straight-run 
gasoline in the following examples. The vapor pres- 
sure of the straight-run gasoline is also quite impor- 
tant in determining overall octane-number level 
because in many refineries it controls to some extent 
the quantity of casinghead gasoline or outside high- 
octane-number components which can be blended in 
the gasoline, as well as the amount of high-octane- 
number polymer which can be’ produced from the 
cracking-unit gases. As indicated in Figure 3, the 
Reid vapor pressure of the 270° F.-endpoint Mid- 
Continent straight-run gasoline would be approxi- 
mately 12-13 pounds. Since the Mid-Continent crude 
selected falls within the average zone in relation to 
the other crudes on these graphs, it seems reasonable 
to base economic comparisons of the various proc- 
esses on this crude. 

It is obvious then that the octane number position 
of a given refinery is greatly affected by the proper- 
ties of the light straight-run fractions of the crude it 
processes. The conventional practice of reducing the 
endpoint of the straight-run or thermally-cracked 
gasolines permits the production of light fractions 
of higher octane number, but the resulting heavy 
naphthas usually must be diverted to lower-priced 
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third-grade gasoline or further processed to increase 
octane number. 


Selective Fractionation 
A few large commercial units have been installed 
for the selective fractionation of gasolines which con- 
tain adjacent cuts of widely different octane numbers. 
The possibility of applying this method to straight- 
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Effect of end-point on octane number (Motor Method unleaded) of 
various low-sulfur untreated straight-run gasolines. Sulfur content 
0.01-0.03 percent. 
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Effect of end-point on octane number (Motor Method plus 3.0 c.c. TEL 
per gallon) of various low-sulfur untreated straight-run gasolines. 
Sulfur content 0.01-0.03 percent. 


run and thermally-cracked gasoline produced from 
low-sulfuric Mid-Continent stocks has been investi- 
gated in several cases but it does not appear to be a 
feasible method of obtaining high-octane-number 
fractions in any of the cases studied. Figure 4 shows 
the results of a pilot-plant distillation of a typical 
Mid-Continent thermally-cracked gasoline. This dis- 
tillation was carried out in a 15-gallon batch still 
equipped with a Stedman packed column containing 
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70 theoretical plates. Both the clear and leaded 
Motor-Method octane ratings of the individual cuts 
obtained in the Stedman distillation and the Engler 
distillation of the total gasoline are plotted versus 
the volume percent of the gasoline on this graph. In 
this case there are no adjacent high- and low-octane- 
number fractions in the gasoline so there would be 
no advantage in selective fractionation. 


Catalytic Polymerization 

Polymerization is being used by many refiners as a 
means of increasing the yield and octane number of 
the total gasoline produced. 

Since polymerization converts propylene and 
butylene gases into low-vapor-pressure polymer, it is 
necessary to produce sufficient butanes in the refin- 
ery or obtain outside blending components, such as 
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Yields and Reid vapor pressures of straight-run gasolines from various 
low-sulfur crudes. 


casinghead, to pressure the total gasoline to specifica- 
tions. Hence, the proportion of the available olefins 
which can be polymerized depends upon the vapor 
pressure of the straight-run gasoline and the availa- 
bility of outside blending components. In many cases 
the capacity of the polymerization unit limits the 
amount of polymer which can be produced because 
the cracking-unit capacity has been increased after 
installing polymerization facilities. These, of course, 
are only a few of the conditions which regulate the 
maximum use of the polymerization process as 4 
means of improving octane rating in any given refin- 
ery. The utility of the process for producing high- 
octane-number motor fuel cannot be overemphasized, 
however, particularly for the conversion of propylene, 
which is normally burned as fuel gas in the average 
smaller refinery not equipped with LPG manufactur 
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ing facilities. While the installation or expansion of 
polymerization facilities is usually a good investment 
in its own right, additional modifications’ to the 
processing scheme are needed in the average Mid- 
Continent refinery to reach the 85-80-octane level. 


Isoforming 

The isoforming process increases the octane rating 
of cracked and reformed gasoline by isomerization of 
the olefins. In this operation the gasoline to be 
processed is passed over a fixed bed of catalyst at a 
temperature of 750-1000° F., and at relatively low 
pressure of 5-20 psi. A small amount of carbon, 
usually equivalent to 0.1-0.2 weight-percent of the 
charge, is deposited on the catalyst during the process 
period and must be removed by regeneration with 
air and steam. 


PROPERTIES OF FULL BOILING GASOLINE 
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FIGURE 4 
Fractionation of Mid-Continent thermally-cracked gasoline. 


Since the reaction which takes place in the catalyst 
bed is largely one of changing the structure of the 
olefinic hydrocarbons, there is little loss in volume of 
gasoline. As would be expected, the degree of octane 
improvement obtained by isoforming is a function of 
its olefin content and initial octane number. 


Thermal Reforming 

Thermal reforming is the conventional process 
used for improving the octane rating of straight-run- 
gasoline fractions. Even though the addition of ther- 
mal reforming alone to the average Mid-Continent 
refinery must be considered as a stopgap measure, 
the process still will have utility when operated in 
conjunction with other processes, such as isoforming 
or catalytic cracking. This is particularly true when 
it is considered that some refiners may have suffi- 
cient capacity in an existing cracking heater to pet- 
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mit reforming the heavy low-octane-number fraction 
of the straight gasoline. Under relatively mild condt- 
tions as much as 10-15 points increase in the octane 
rating of the average Mid-Continent naphtha can be 
obtained with only 3-4 percent loss in yield. A greater 
improvement in octane rating can, of course, be 
obtained at the expense of gasoline yield. 


Basis for Economic Studies 

In order to illustrate the various factors involved 
in comparing the economics of the so-called stopgap 
processes with fluid catalytic cracking, it is necessa 
to consider the overall refinery operations in eac 
case. This results from the fact that each process 
added to a given refinery usually has some effect on 
the operation of one or more of the other processes. 

For the purpose of these studies it was assumed 
that the present operation (Scheme I) of the refinery 
consists of processing 7000 barrels per stream day of 
38° API gravity Mid-Continent crude in atmospheric 
distillation, two-coil thermal-cracking, catalytic- 
polymerization and treating equipment as shown in 
Figure 5. It is also assumed that it is possible for the 
refiner to obtain 500 barrels per stream day of outside 
casinghead gasoline at a price which makes the han- 
dling of this material a profitable operation. Even 
with this quantity of 26-pound casinghead available 
it is not possible to polymerize all of the propylene 
and butylenes available from the cracking unit in 
this case without encountering a deficiency of C, 
hydrocarbons for pressuring the total gasoline to 10 
pounds Reid vapor pressure. Accordingly, only 105 
barrels per stream day of debutanized polymer are 
produced in Scheme I. The total polymer produced 
is utilized in the 1,000 barrels per stream day pre- 
mium gasoline blend which requires 2.0 c. c. TEL per 
gallon to reach 80-octane number as indicated in 
Figure 5. The remaining gasoline components are 
blended to produce 75-octane-number house-brand 
gasoline requiring 2.5 c. c.. TEL per gallon in this 
assumed blending procedure. Other blending pro- 
cedures could, of course, be used with a resulting 
change in the concentration of tetraethyl lead in 
each grade of gasoline, but the total TEL require- 
ments would probably not be greatly affected. 

In Scheme II an isoforming unit is added to the 
present operations to process 1642 barrels per stream 
day of debutanized thermally cracked gasoline, as 
indicated by the heavy lines in Figure 6. Inasmuch as 
a small production of butanes accompanies the slight 
loss of gasoline hydrocarbons in the isoforming 
operation, it is possible to polymerize «ll of the re- 
coverable propylenes and butylenes in this case with- 
out encountering a deficiency of butane for vapor 
pressure. Accordingly, an expansion of the polymer- 
ization unit to permit the production of 196 barrels 
per stream day of debutanized polymer is incorpo- 
rated in Scheme II. As shown in Figure 6 the major 
effect of adding isoforming and increased polymeriza- 
tion facilities is to reduce the tetraethyl lead require- 
ment to 1.7 c. c. per gallon in the 80 premium blend 
and to 2.0 c. c. per gallon in the 75 house-brand blend 
with a slight gain in overall gasoline yield. There was 
a small increase in heavy fuel-oil production and a 
decrease in fuel gas yield. 

While the quality of the gasoline produced in this 
scheme is better than in Scheme I, it is possible to 
manufacture the 85 premium and 80 house-brand 
grades of gasoline only when a large quantity of the 
low-octane straight-run naphtha is diverted to third- 
grade gasoline, tractor distillate or solvents. The rate 
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of production and lead requirements for the gasoline 
blends at the 85-80 octane level in Scheme II are esti- 
mated as follows: 














BSD TEL c.c/Gal. 
85-octane premium 415 2.9 
80-octane brand 3,320 23 
Third grade (65 octane) 1,000 2.5 











Since the average refiner does not normally market 
products in these proportions, the modifications in- 
corporated in Scheme II must be classified as stopgap 
measures. 

The estimated operating and installation costs for 









TABLE 1 
Estimated Operating Costs 1642 Barrels Per Stream Day 
Isoforming Unit—Scheme li 





$/Ca 
1. Su 
Soper b by cracking unit foreman. " ; : esilieciies 
2. Operating Labor: 
1 operator/shift at $1.40/hour............. ; ... 33.60 
3. — (quantities shown on stream day basis). 
team: 
For pumps—2,900 Ibs./hr. at 25¢/M Ibs... . . ae? ‘ 28.60 
For regen.—2,400 Ibs/hr at 25¢/M Ibs........ f et — 
by oy tA pe (30° F. rise): 
mW PM at 1.5¢/M gals.......... : rt, 12 
14.6 MM Btu/hr. at 15¢/MM Btu . . ph eyt .. 47.30 
Electricit 
13.3 RW I SIGS Stes bacco bObenkes thst}: cdbuenciaeee’s 2.90 


(Includes cost of power for driving plant air ‘compressor to supply 52 CFM for 
use in regeneration.) 














4. ye, 
the new 1,642 barrels per stream day isoforming unit <1 3vo/year of $225,000 installation cost. 18.50 
are listed in Table 1. On the basis of all new equip- ¢ Laboratory (ina) eins -ameveetaasnenate : — 
ment which includes a stabilizer and a rerun column, , — catalyst at 20¢/Ib. (6 months life)... poceeeeres B60 
the installation cost is estimated to be $225,000 and Ny Ube/bl, charge x 1,642 x 0.9. mae . 224 
the operating cost amounts to 13.2 cents per barrel ~ ““d14er of $225,000 installation cost Be 
of charge. ' ee “STRIDE okt 8 de oatebee fio4as 
The most obvious procedure to follow in improv- Cost/bbl. of charge = 194.45 + 1642 x 0.9 = 13.2¢ 
ing the quality of the gasoline still further without 6 Le ped ~ ay Sn 
installing catalytic-cracking equipment is to reform == = 
SCHEME I PRODUC TS. 
FUEL GAS 123 mu crD (i750 BTu/cF) 
QUTSIDE CASINGHEAD wat eg 
BSO ave i +3cc 
PREMIUM GASOLINE We ce. re fom AT 80 OCTANE) 
LI.STRAGHT RUN 270° FEP 6 8 
CRACKED GASOLINE 400° FEP 185 4 67 oT) 
POLYMER os 2 62 6s 
BUTANES 10 60 es 10s 
TOTAL TT, a i | a oe | 





REDUCED CAUODE 





\ (2scc Te: Gat. For 75 0.) 
7 U FEP 490 12 6 8 





RES!IOUUM 1460 








CRACRED, GASOL IME 400 FEP 1457 4 67 6 

CASINGHEAD 500 26 7s od 

NAPHTHA "20 ' avy 6 

GUTANES Bp: I i. . 
TOTAL 3s C) 609 m2 
TOTAL GASOLINE 4715 
KEROSENE 700 

OISTHLLATE FUELS 420 

NO.6 FUEL 1460(75°AP; 300 SSF AT 122°F) 


FIGURE 5 


Present operations: 


the heavy straight-run naphtha. As mentioned previ- 
ously, this heavy low-octane naphtha can be disposed 
of in special solvents or tractor distillates, in some 
cases, with a corresponding improvement in the qual- 
ity of the gasoline blends made from the remaining 
gasoline components. In the average refinery, how- 
ever, this procedure is costly and only a relatively 
small proportion of the heavy straight-run is diverted 
from gasoline blends in this manner. 

Catalytic reforming the heavy naphtha in a sepa- 
rate unit would be one approach to the problem, but 
the yield-octane relationship obtained in catalytic re- 
forming low-sulphur stocks does not appear to be 
sufficiently better than mild thermal reforming at 
present to justify the additional cost of the operation, 
especially when existing reforming capacity can be 
utilized. For the purposes of these studies, therefore, 
Scheme III has been based on the addition of mild 
thermal reforming of the total 1,120 barrels per stream 
day of heavy naphtha followed by isoforming the 
combined 2,570 barrels per stream day of thermally 
reformed and cracked gasoline as shown on Figure 7. 
In this case, the increased butane production and the 
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decrease in gasoline production resulting from the 
reforming and isoforming operations make it neces- 


TABLE 2 


Estimated Operating Costs 1120 Barrels Per Stream Day 
Thermal-Reforming Unit—Scheme Ill 


es 








$/CD 
1. Supervision: 
upervised by cracking unit foreman. .. 
2. Operating Labor: : 
1 operator/shift at $1.40/hr...... 33.60 
3. —s (quantites shown on stream day basis): 
tea 
2,240 Ibs./hr at 25¢/M lIbs.... 12.10 
Cat Water (30° F. rise): 
PM at 1.5¢/M gals... ‘ 10.90 
“a. 4 MM Btu/hr. at 15¢/MM Btu. 43.50 
Electricity: : 
10 KW at 1.0¢/KWH....... ia j 2.16 
4. Maintenance 
3%/year of $250,000 installation cost 20.50 
5: Laboratory (additional) estimated at. 10.00 
6. mer’ ' 
,120 BSD x 1.0¢/bbls. x 0.9. ... 10.10 
7. Taxes and Insurance: F 
244% /year of $250,000 installation cost . 5 _.. 17.10 
» | NGS SRE RC eo Bem ee eee Te 
Cost/bbl. of = 159.96 + 1120 x 0.9 = 15.9¢ 
90% on-stream effic . 
Estimated installation cost = $250,000 
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3.60 


+ CC 


20.50 
10.00 


10.10 
17.10 


— 


59.96 
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TABLE 3 


Estimated Operating Costs 2570 Barrels Per Stream Day 
Isoforming Unit—Scheme Ill 











sary to reduce the quantity of casinghead gasoline 
brought in from the outside in order to balance the 

soline Reid vapor pressure at 10 pounds. As in 
Schveaie II, the polymerization unit is modified to per- 


$/SD 
|. Supervision: ° " . 
“Supervised by cracking unit foreman......... mit the conversion of all of the recoverable propy 
2, Operating Labor: so ne ss40 tenes and butylenes to polymer gasoline in this 
operator/sbiit a Si) Seerrrrrrrrr rrr errr rea . . 
3. Utilities (quantites shown on stream day basis): scheme. 
S : ° o.6 ° ° 
"For pumps—4,500 Ibe/hr. at 25¢/M Ibs............. Pee } s0.40 The additions made in Scheme III result in a 
Ps a ~~ ala pasenen a : marked reduction in the tetraethyl lead requirement 
re oa ......------. 19.25 for 80-octane premium and 1%5-octane house-brand 
uel: . . . + 
22.9 MM Btu/hr. at 15¢/MM Btu. .. _ 7130 gasolines, but a considerable amount of gasoline is 
eioo.7 KW at 1.0¢/KW....... Teter RS 459 «= lost both through conversion to hydrocarbons boiling 
pay green! for driving plant air compressor to supply 81 CFM for out of the gasoline range, and because of the smaller 
(. Maintenance: _ n249  2mount of casinghead which can be utilized in the 
5. Laboratory {eitonal etimated t= i900 blends. Figure 7 shows that the a of tet- 
6. Catalyst an emicals: 4 . . 3 : 
alinEO ike, eataloet ot 20¢/b. (6 months life).. : . 59 raethyl lead in the premium and house-brand gaso 
ao are lines is estimated at 1.5 c. c. per gallon and 0.7 c. c. 
 tantenl eee $9 Son ee RP “per gallon, respectively, while maintaining the same 
24 %/ ye. of $376,000 installation cost:....... Boneanasecenenns - 1880 production of premium gasoline as in the other 
BR ae Re AE RY ee $262.75 schemes. 
gehen Tidagyy Pegs mae . The improvement in gasoline quality realized by 
Estimated installation cost = $376,000 _ the addition of both the isoforming and the thermal 
SCHEME T . ___ PRODUCTS 





















7000 83.0 
WIDCONT INENT 
CRUDE 38° APi 


REDUCED CAUDE 


DEBUT. CRACKED 


1642 





ie wucro (1685 stuAF) 


MOTOR METHOD 
OCTANES 


FUEL GAS 


gsO ave ch 
PREMIUM GASOLINE (i.7cc. TEL JGAL AT @0 OCTANE 
LT. STRAIGHT RUN 270 FEP 700 2 6 ov) 
ISOFORMATE «6 400° FEP 04 4 69 


POLYMER P 96 2 62 


” 
8s 

5 105 
TOTAL i i 2 


(2.0cc TEL /oaL. aT 75 ON) 


TOUSEBRAND GASOLINE 
LY. STRAIGHT RUN 270° FER 490 2 6 ry) 


ISOFORMATE 400° FEF. 468 4 69 Te 
CASINGHEAD soo 26 7s 92 
ST.RUN NAPHTHA 20 t 38 6 
GUTA NES 137 at - § 2... 
TOTAL 3735 10 7 778 


TOTAL GASOLINE 4735 


Too 
HLATE FUELS 420 
NO.6 FUEL 477 


FIGURE 6 
Present operations with addition of isoforming and increased polymerization. 


‘SCHEME II 


‘ 





OUTSIDE CASINGHEAD 
16s 


LT STRUN 190 TREATING 


OR SWEET 


KEROSENE 700 
38° ap 
LTGAS Of 420 


May, 1947—A Gulf Publishing Company Publication 





PRODUC TS 
FUEL GAS .s4@ mmcro (690 sru/cr) 


MOTOR METHOO 


OC TANES 
. £32 Sh. +256 

PREMIUM GASOLINE ().SCC TEL/GAL. AT 80 ON) 
UT. STRAIGHT RUN 270° FEP 700 2 6 8 
ISOFORMATE 400° FEP 4 4 69 7° 
POLYMER 249 2 62 8s 
BUTANES 10 60 95 105 
TOTAL 1000 10 66.9 840 
Housepaano casoume (07 cc TeL./oa at 75 On) 
LT. STRAIGHT RUN 270°FEP 490 2 6 8 


ISOFORMATE 400° FEP 2424 4 69 7? 


CASINGHEAD 16s 26 7s 92 


BUTANES 191 oo 95 
TOTAL 3260 10 69.5 64 


TOTAL GASOLINE 4260 


KEROSENE 700 


OISTHLATE FUELS 420 


NO.6 FUEL 1497 


FIGURE 7 
Present operations with addition of thermal reforming, isoforming and increased polymerization. 
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reforming processes will permit the production of the 
85-80-octane grades of gasoline at the following rates 
and lead concentrations: 








BSD TEL c.c/Gal. 
85-octane premium........... : ; : 530 2.3 
iheceesteuteieend.. See - ‘ 3,730 2.4 











While this represents only slightly more than 12 
percent premium gasoline production, it is interest- 
ing to note that it is not necessary to market third- 
grade gasoline in this case. Unless the lead concentra- 
tions are prohibitive, this operation might be consid- 


The high yield of butanes in the catalytic cracking 
scheme eliminates the use of outside casinghead gas- 
oline in the overall refinery blends, which are again 
based on a Reid vapor pressure of 10 pounds. It will 
be noted in comparing this scheme with the present 
operations in Scheme I that even though the outside 
casinghead has been reduced by 500 barrels per 
stream day, the overall gasoline production is only 
136 barrels per stream day less than that shown in 
the first scheme. This results from the fact that (1) 
the production of catalytic gasoline is higher than 
the production of thermal gasoline and (2) the yield 


SCHEME IV 





OR_ SWEET. 


OR. SWEET. 


MIDCONTINE 


CRUDE 38° APi OR SWEET. 








GAs On” 
2670 Filo 


DEBUTANIZED CAT GASOLINE 1722 





LIGHT CYCLE STOCK 304 
















proouc TS 
Gas 0.6 MMCFO (1 BTU/cF) 
MOTOR 
bso awe 


Se th 
PREMIUM GASOLINE (0.2 cc Tet Joan AT 80 Oc TANE) 
LT STRAGHT RUN 270 FEP 400 2 6 “ 












T CRACKED 400°FEP 500 3.5 es 87 
70 2 82 8s 
30 60 95 10s 
1000 To ix) tee 
NO GASOLINE (uuce. Ter /cac. For 75) 
tT Horry RUN 270°FER 790 i2 61 8 
T CRACKED 400° FEP = 222 $5 us 87 
169 2 62 rt) 
20 ' 38 6 
278 60 10S 
3579 10 674 80 
e TOTAL GASOLINE 4579 
NE 700 
TE FUELS 724 


6 FUEL 900 (APPROX 300 SSF AT 22 F) 


FIGURE 8 
Present operations with vacuum distillation and catalytic cracking replacing thermal cracking. 


ered acceptable by some refiners from the standpoint 
of improving gasoline quality alone. 

The estimated installation and operating costs for 
both the 1,120 barrels per stream day thermal- 
reforming unit and the 2,570 barrels per stream day 
isoforming unit based on all new equipment in each 
case are. listed in Tables 2 and 3. These operating 
costs are used in the economic comparisons which 
follow. 

In Scheme IV fluid catalytic cracking has been sub- 
stituted for thermal cracking as shown by the heavy 
lines in Figure 8. Since the entire reduced crude 
normally cannot be charged directly to the catalytic 
cracking unit, because of the presence of salts which 
poison the catalyst and high-boiling fractions which 
increase the coke yield, the feed for catalytic crack- 
ing is prepared by vacuum flashing the reduced crude 
in this scheme. The bottoms from the vacuum unit 
can be sold as asphalt or blended with the heavy 
cycle stock from the catalytic cracking unit for sale 
as bunker fuel. The latter procedure has been fol- 
lowed in this case since it represents the operation 
the average Mid-Continent refiner would probably 
follow. However, a more profitable operation would 
normally result from the sale of the residual oil as 
asphalt if a market were available, and this is a fac- 
tor which must be taken into consideration in determ- 
ining its most economic disposal. The light catalytic 
cycle stock which has a boiling range of 400-600°F. 
is blended with the gasoil from the crude unit for 
sale as distillate fuel. 
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of polymer is greater in Scheme IV than in the first 
scheme. 

Although it is possible to produce considerably 
more 80-octane premium gasoline than the 1,000 bar- 
rels per stream day shown in Figure 8, the blends 
have been calculated on this basis for comparison 
with the preceding flow diagrams. The premium and 
house-brand grades thus contain only 0.2 c. c. per 
gallon and 1.1 c. c. per gallon of tetraethyl lead in 
this case. It is interesting to note that it is possible 
to maintain the same production of premium gaso- 
line even at the 85-80-octane levels without exceeding 
the maximum TEL specifications of 3.0 c. c. per gal- 
lon in either gasoline blend. If the tetraethyl lead con- 
centration is limited to less than 3.0 c. c. per gallon, 
either the percentage of 85-octane premium gasoline 
would be reduced or it would be necessary to réform 
some of the heavy straight-run naphtha in this 
scheme. 

The estimated installation and operating costs for 
the fluid-catalytic-cracking unit, based on all new 
equipment, are itemized in Table 4: The installation 
cost of $1,100,000 includes all of the equipment in the 
process area which is required to produce debutan- 
ized gasoline and a liquid C,-C, fraction for feed to 
the polymerization unit. The operating cost amounts 
to approximately 35 cents per barrel of feed in this 
example. This cost of course would be reduced if it 
were desired to operate the catalytic-cracking unit at 
lower conversion to produce less gasoline and more 
distillate fuels. Note that the synthetic cracking cata- 
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lyst is used in this case rather than the less expensive 
natural catalyst in order to obtain a high-octane-num- 
ber gasoline which will carry all of the low-octane- 
number straight run-naphtha in the final blends, even 
at the 85-80-octane level. 


Economic Comparisons 
Since the economics of the various processes added 
for octane-number improvement will vary at different 
octane levels, studies were made of the earnings of 
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PRESENT OPERATIONS wiTH ISOFORMING AND 
INCREASED 


POLYMERIZATION 


although in certain cases, it is necessary to market 
part of the gasoline as third-grade because of overall 
octane deficiencies. The results of the studies at each 
of the three octane levels are shown in Tables 5, 6 
and 7? and presented graphically in Figures 9, 10 
and 11. 

The costs of raw materials and value of products 
used in these calculations were taken directly from 
the March 17, 1947 quotation of Platts Oilgram for 
the Midwestern group. The same utility and labor 
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SCHEME Ix 
wiTh CATALYTIC CRACKING AND 
INCREASED = POLYMERIZATION 


aCHEME 
WITH THERMAL REFORMING SOFORM. 
ING AND INCREASED POLYMERIZATION 


FIGURE 9 
Economic comparison of processing schemes: 80-octane premium; 75-octane house brand. 


the refinery using these various processes at three 
octane levels—the present level considered to be 80 
premium and 75 house-brand, together with both 
83-78 and 85-80 grades. It was attempted in all in- 
stances to produce 20-25 percent premium gasoline 


TABLE 4 


Estimated Operating Costs Fluid Catalytic Cracking 
2870 Barrels Per Stream Day Gasoil—Scheme IV 


=_ 








l. Supervision: 

1 Foreman at $350/month 
2 Operating Labor: 

1 operator/shift, 2 helpers/shift, 96 hrs. at $1.40/hour 
3. Utilities: 

Steam: 

, — Ibe./hr. x 24 x 0.9 x 25¢/M Ibs. 

wel: 


el: 
6.0 MM Btu/hr. x 24 x 0.9 x 15¢/MM Btu. .. 
Cooling Water: 
1,550 GPM x 1440 x 0.9 x 1.5¢/M gal.. 
Electricity: 
_15 KW x 24x 0.9 x 1.0¢/KWH 
4. Maintenance: 
5%/year of $1,100,000 installation cost... 
> Tet hen 
, x 0.9 x 5¢/Bbl 
6 Laboratory (additional): 
Materials—estimated 


at 
, 1 tester/shift at $1.20/hour 
- Catalyst (synthetic): 
0.5 lb/bbl. fresh feed x 2,870 BSD x 0.9 x 16¢/Ib. 
§. Taxes and Insurance: 
244% of $1,100,000 installation cost.................-....205. 


Cost per bbl. of raw oil = $895.80 + 2,870 x 0.90 = 34.7¢ 
90% on-stream efficiency. 
Estimated installation cost = $1,100,000 (all new). 
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rates were used in calculating the operating costs for 
all processes considered in these comparisons, 

Considering first the comparison at the 80-75-octane 
level as shown in Table 5, it is noted that only Scheme 
IV earns more money after deducting depreciation 
for new equipment than the present operations in 
Scheme I. The catalytic-cracking operation would 
have the most utility in this case, primarily because 
of the increased gasoline yield, which more than off- 
sets the loss of casinghead gasoline in this scheme 
as previously explained. Another factor which makes 
the catalytic-cracking scheme more favorable is the 
fact that it is possible to upgrade very heavy fuel oil 
into higher-priced distillate fuels with fluid catalytic 
cracking. 

The installation costs in each of these schemes, as 
shown at the bottom of Table 5, are estimated:on the 
basis of utilizing existing equipment as far as possible 
in the average refinery. For example, in Schemes II 
and III the capacity of the polymerization facilities 
might be increased by the conversion of an existing 
polymerization unit to permit processing the total 
cracking-unit gases rather than only the stabilizer gas. 
In some cases sufficient equipment might be on hand 
to make a marked reduction in the installation cost 
of the isoforming unit, but it has been assumed that 
no existing equipment is available for the isoforming 
operation in this case. Consequently, the entire cost 
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FIGURE 10 
Economic comparison of processing schemes: 83-octane premium; 78-octane house brand. 
cosTs RETURNS cosTs RETURNS cosTs RETURNS 
$21,509 
- “ $ 21.194 
| NET 1 FUEL O1L AND en 
| EARNINGS | GAS $20202 ae FUEL O1L AND 
$ 20,000 $asa3 | $2619 ‘ —_———aee.. 1 @ $43 
| | NET | FUEL OIL ANO ; $134 | (574 
| t i CARUINGS | GAS | 
paaeer nest pues Suse 1 #2033 | $2740 | ! DIST FUELS $ 1904 
314 
——s od INDIRECT 
rer. $932 DIST. FUELS $uy0s S64 
KEROSENE 41.911 ; KEROSENE $91! 
DIRECT TEL 7854 TEL. Spee 
oo DIRECT KEROSENE $ i911 ; psc 
$ 15.000 880 THIRD GRADE OPERATING DIRECT 
GASOLINE $ RAT 
CASINGHE AD $350 2.167 = ING 
2.057 / 
A . *a70 CSHO. $486 
3 
3 
3 CRUDE HOUSE BRAND CRUDE HOUSEBRAND CRUDE HOUSEBRAND 
$ 10000 $13,370 GASOLINE $13,370 GASOLINE $13,370 GASOLINE 
5 $ nIss $i2.533 $2025 
“ 
g 
a4 
3 
$ s.000 
PREMIUM GASOLINE PREMIUM GASOLINE PREMIUM GASOLINE 
L569 $2003 $3,780 
SCHEME It SCHEME II SCHEME IF 


106 


WITH ISOFORMING AND 
INCREASED POLYMERIZATION 


WITH THERMAL REFORMING AND 
INCREASED POLYMERIZATION 


FIGURE 11 


WITH CATALYTIC CRACKING AND 
INCREASEC POLYMERIZATION 


Ecenomic comparisan of processing schemes: 85-octane premium; 80-octane house brand. 
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TABLE 5 
Economic Comparison of Processing Schemes 
80-Octane Premium Gasoline—75-Octane Regular Gasoline 


















































I ll gen! 
WITH ADDED REPLACE THERMAL 
WITH ADDED THERMAL REFORMING CRACKING WITH 
PRESENT OPERATION ISOFORMING AND ISOFORMING CATALYTIC CRACKING 
SCHEME B/SD $/SD B/SD $/SD B/SD $/SD B/SD $/SD 
cOsTS: 
Sk os 5 ails pats veclecdpeons tn.s kuch apkisthe 7,000 13,370 7,000 13,370 7,000 13,370 7,000 13,370 
Casinghead at 7¢ eal. delivered . PPS ee PR ee ee me 500 1,470 500 1,470 165 486 > teat eae 
Direct Refinery 
Crude distillation at ED cade wy edoae tparaned esp Suck nae ail 7,000 490 7,000 490 7,000 490 7,000 490 
Vacuum es eet * SR INERS ae tal paye Ss eS Se : eee en epee ig. peer 3,500 245 
Thermal cracking at 25¢/bbl......... 20... . 0s eeeseesetee secs 3,500 875 3,500 875 3,500 SOG: 2 3, aun hebe den pation’ 
Isoforming at 13. Se /bbr in Scheme II and 11.3¢/bbl. in Scheme ets 4.< oe EN Uuelkece 1,642 217 2,570 Dee <0 -+ So ocaiak WEL, iene 
st ils in Suh pM pao mea SSCS EE op aewehd > VEG wheee 5x noah ek ace 1,120 MSE: raptor 
Cotalytie ict sdes bssadbarchcndnco-tggiersecthe : “eA ges Doe dell as a 2,870 1,005 
POLVUROTIRUEOR. 2 2 se ccc cen e cence scence casaterenecscassce cis 105 150 196 193 249 232 239 208 
Treating: 
Straight run gasoline and naphtha at a. 2,310 46 2,310 46 1,190 24 2,310 46 
Thermally cracked gasoline at 4¢/bbl.. Vi TS Saal Care eee. A 1,642 66 eveba OTL L hckee Ee iea Seti 4 raed TH 
Isofi RS io pb nn atone Giles iste ack 1,562 31 2,465 49 SHES, pet Pyrat OF 
Catalytically cracked aie SO ee eee : WSCA ee bia . 1,722 35 
Kerosene rs pm MaweSeseubasGies 4echaks 700 28 700 28 700 28 700 28 
Ef nntd cic pcaaRvesecbaddtens e 140 aye 105 ok ts 101 vrai 109 
Tetraethyl le leads ss catailins cho geben bosses. thee eeunns 947 ie eee 318 347 
IEA. ¢ n:dicBisocde wich Who ahandesiaabewesans 2,602 at a ee et oe ps 2,404 
Total direct costs (including OR re reer 37.2 37.8 35.5 +344 
Total direct costs (excluding TEL) ¢/bbl. crude..... . . bad Ee enh 23.6 26.8 31.0 29.4 
Indirect Costs: 
Management, sales and general overhead at _—* of crude...... 7,000 1,050 7,000 1,050 7,000 1,050 7,000 1,050 
Depreciation of existing equipment* estimated at . ; ; . 150 ideas 150 . 150 re 150 
Depreciation of new equipment at 10%/year. . ep Of 114 182 364 
Bin bdoe duce ussakinvadeansdedh beneee oes 1,200 ee. 8 cabin GRRE 1,564 
Total costs (excludi income tax and interest)... .. 18,642 18,804 Siaue 8. + Soewed 17,338 
VALUE OF PRODUCTS ’ 
Premium gasoline at  O¢/eal.. sds pihisd banat’ a ce Sienean 1,000 3,780 1,000 3,780 1,000 3,780 1,000 3,780 
House-Brand gasoline at 8¢/gal........................-- 3,715 12,482 3,735 12,550 3,260 954 3,579 12,025 
Third grade gasoline at 7. belgal.. é Pe ee ; a 46 ; ae! pay 
Kerosine at 6.5¢/gal...... "700 1,911 700 1,911 700 1,911 700 1,911 
Distillate fueis at 6. 25¢/eal.. pies 420 1,105 420 1,105 420 1,105 724 1,904 
No. 6 fuel at $1.57/bb 1,460 2,292 1,477 2,319 1,497 2,350 900 1,413 
Fuel gas at 15¢/MM Btu........ oi nioses | aon Ses scene 322 300 : 390 to 161 
Total... xteeaas FEES | ee rE». 21,892 ‘ 21,965 20,490 dd 21,194 
Net earnings after deducting depreciation. .......... 3,250 ~< 3,161 2,767 3, 
Net earnings before deducting depreciation on new equipment... - 3,250 ‘ 3,275 om . 2,949 ‘ 4, 
Additional investment, including changes to polymerization are ee $375, $600, $1,200,000 
eee Se SI Ss PU 05 ow ck hae heed deniccececgvtcssh — * “eenedde’ ee nae Eee ee me 3.8 
* Includes taxes and insurance on auxiliaries not listed under direct refinery costs. 
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Economic Comparison of Processing Schemes 
83-Octane Premium—78-Octane House-Brand 












































I II Ill IV 
: WITH ADDED REPLACE THERMAL 
WITH ADDED THERMAL REFORMING CRACKING WITH “% 
PRESENT OPERATION ISOFORMING AND ISOFORMING CATALYTIC CRACKING 
SCHEME B/SD $/SD B/SD $/SD B/SD $/SD B/SD $/SD 
COSTS: 
SRI i ca Cu ndbbs qu kadabs sacepebiuameboo’ 7,000 13,370 7,000 13,370 7,000 18,370 7,000 13,370 
Casinghead at 7e(eal. delivered. . duvet iaclausl 500 1,470 500 1,470 165 a cndaa satan 
Direct Refinery 
CN In, cow ces uckscseevecieendceheeee 7,000 490 7,000 490 ° 7,000 490 7,000 490 
yorum Geeeenen 06 TASS... RS etm ae. >i iar er vty Laat". as phic 1oME ce kee 3,500 245 
Thermal cracking at 25¢/bbl +s 3,500 875 3,500 875 500 , Aa CG EEN amet yee 
Isoforming at 13.2¢/bbl. in Scheme II and 11. 2¢/bbl. in Scheme III. . +S" ee 1,642 217 2,570 | en CET ae Pe 
SINE II, 5 6, occ oy deccatens seesteaeteesgheeek’ <teken” OE nosed? WA ARRAS bck 1,120 Be DS anes ra ak 
Catalytic cracking at 35¢/bbi..................... nied en adie i ate. , 2,870 1,005 
7 Polymerization Cabeeebseelewe as en'es>edendasts as Ete 6 Sean 105 150 196 193 249 232 239 208 
Treating: 
Straight run gasoline and naphtha at Ra. Hidale Mehebaoete 2,310 46 2,310 46 1,190 24 2,310 46 
Thermally cracked gasoline at 4¢/bbl.. . Lidtieedsiecs teens 1,642 tes Beery oveee SAP * caedese nt By abe dde PO MPod eeu eke Aa ena 
Isofi I das deaentcig tained pera phas owes SRE oe 1,562 31 2,465 ee eee es eS) ae 
Catalytically tracked gasoline at 2¢/bbl...................0..055 ei eee. Pee a ede Win ede nee 1,722 35 
EGS nie fd Xai Shug op esp bleovpnh evese bd sreqn 700 28 700 28 700 28 700 28 
Vea. Leni ic. ch cicdearaacend sh. 4cabnguses ours vs Beason See” Nace 105 101 whee 109 
Tetraethyl lead at 0.2¢/cc.. 833 1,132 595 685 
On Site LO Ratns Sakshi s on odatidente pauen thes ey 2,488 3,012 : gees Be Secs 2,742 
Total direct costs (including TEL) ¢/bbl. crude. . BiCTeE in 35.6 43.0 39.4 39.2 
Total direct costs (excluding TEL) ¢/bbl. crude. .............. hg 23.6 26.8 31.0 29.4 
Indirect Costs: 
Management, sales and general overhead at 15¢/bbl. of crude. . . 7,000 1,050 7,000 1,050 7,000 1,050 7,000 1,050 
Depreciation of existing equipment* estimated at................... gad 150 List 150 tava 150 a oS 150 
Depreciation of new equipment at 10% year...................+00- 114 182 364 
AS BERET 8 Rae ER 2 a Ae ere ee Ce 1,200 1,314 1,382 1,564 
Total costs (excluding income tax and interest)...................... 18,528 19,166 OR Ps ee ntda 17,676 
VALUE OF PROD teks: 
Premium gasoline at oe ctl piccebceh aides sme iuh die pee ieee 420 1,588 785 2,967 1,000 3,780 1,000 3,780 
House-Brand cn oon oped cee ohchsucst bigs isedeus aes 3,097 10,406 3,950 13,272 3,260 10,954 3,579 12,025 
Third erade gain (65 O.N ) at 7.5¢/gal... ee ee eee 1,098 3,459 oe sate howe, eee VO rite Gl)> PRE 
Kerosine at Sais dd oc0hchpavenskseed chee -wths us cnasetetncne 700 1,911 700 “1,911 700 1,911 700 1,911 
Distillate fuels at 6.25 ib gaicsadcedchhvbonhs odes apeemenbenete 420 1,105 420 1,105 420 1,105 724 1,904 
I“ °°: me AER RS ie emia oen wnce? ; 1,460 2,292 1,477 2,319 1,497 2,350 900 1,413 
eel eG MR TOO. 5 os sins dln’ b's Ud cleteoeGoicada deaahsab SEAN \- wes'elade ie * gus Gos ed p | SE PB ARe tae 161 
(ON RE ee REE PS AT RET Pate See E> sabe cs ee Reve \” ae 21,194 
Net earnings after deducting depreciation..............<.+<.0s0+000+ ++ TS eee me He lh ye Bae 3,518 
Net earnings before ded Cgzosiation on new equipment............] ..... 2,555 ee, Sgt OSS Rae. 3,882 
Additional investment, incl changes to polymerization unit... $375,000 $600,000 $1,200,000 
out time on new equipment, years....... 2.0.6... sce ce eee eeeee recs 4.3 15.6 28 
* Including taxes and insurance not listed under direct refinery expense. 
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TABLE 7 
Economic Comparison of Processing Schemes 
85-Octane Premium—80-Octane House-Brand 
































ll lll IV 
WITH ADDED REPLACE THERMAL 
WITH ADDED THERMAL REFORMING CRACKING WITH 
ISOFORMING AND ISOFORMING CATALYTIC CRACKING 
SCHEME B/SD $/SD B/SD $/SD B/SD $/SD 
Crude at $1.91/bbl:............ ‘ ene Sat 7,000 13,370 7,000 13,370 7,000 13,370 
at 7 id ene ee veep aba keapeen beaut 500 1,470 165 486 Se Ue yet 
Direct : 
Crude SE a ee ee ae re 7,000 490 7,000 490 7,000 490 
Vacuum =. at so hh eale. Bad ed tides ad <ckave he oe Ee Gaines Ue wetieto” Ono ase 3,500 245 
Thermal ee 3,500 875 3,500 875 AG eee ger 
Isoforming at 13.2¢/bbl. in Scheme IT and 11.3¢/bbl. in Scheme III 1,642 217 2,570 290 Pee Zeer ae 
ee 2 Uc iayWeenbdanccécccesvnccessvacaetel sectee BE sates 1,120 179 ee) ye 4 
ides San ae cay Vb inkl Secu odes chee csecbetawdecceitissevenes Se ON Wr oe 2,870 1,005 
agg SE Rc 196 193 249 232 =, 239 208 
rea 
"i run gasoline and ie at ee. 2,310 46 1,190 24 2,310 46 
hee es | sd Br. ss Eek Lod bb bud ie appasuvivececl caeexe UN “ecoums Pe Oe ee te ee eee ree | 
ine at tg /bbl Ee 2 a ee. cies exuded cueee ie cd ges eu teeks 1,562 31 2,465 49 eal sing’ + Oe 
EE her. sks etiht tebe edisshiebaectes gine  Wieaes i) eS ee, aaerer = 2 1,722 35 
Nene Nn. erence cdanetsonauicaesieeeetionwae 700 28 700 28 700 28 
a se Setnc eb beads bescsveccstceageaeecesppeel  eeuece 105 101 ae 109 
a a Ce oc Ce naa devesd cieeseneateaweceskSpatek Sess 932 854 : 1,069 
ESSE EN Sa Cee ee abeva ly ecdthcschs scdanecetebecdh  awkda 2,812 3,021 . 3,126 
Total direct costs | mem TEL) EES 9 a I a ee eens serene 40.2 43.1 44.7 
beh en Goats excluding TEL) ¢/bbl. crude. . sie : bebideteeaee 26.8 31.0 29.4 
hed sales and general overhead at a « of crude 7,000 1,050 7,000 1,050 7,000 1,050 
Depreciation of existing equipment* estimated at... ... 2.2.2... ccc eeeeeeeeeee| beens 150 150 “ 150 
ae oda yekcdhe teiaacadecareconesSUl” Seance 114 182 364 
A EE Ey a a eee ; Pare 1,314 1,382 1,564 
Total costs (excludi: income CMI OE, SEE a Re te ed ee eee 18,966 18,259 18,060 
VALUE OF “pom sey e/a. 415 1,569 530 2,003 1,000 3,780 
um at ’ , , 
House-Brand gasoline at B¢/eal 3,320 11,155 3,730 12,533 3,579 12,025 
Third grade ine 65 O.N. at 7.5¢/gal.. 1,000 3,150 ; a a) “ae ee te 
Kerosine at 6.5¢/gal.................. 700 1,911 700 1,911 700 1,911 
Distillate fuels at 6.25¢/gal................ 420 1,105 420 1,105 724 1,904 
No. 6 fuel at sis7/o0h cieenniel vabons 6 odes 1,477 2,319 1,497 2,350 900 1,413 
Fuel gas at 15¢/MM Btu................... ° 300 - 390 oa 161 
oc eadente ; 21,509 20,292 21,194 
Net earnings after deducting depreciation............. mee A ee 2,543 2, 3,134 
Net earnings before ded depreciation on new equipment. . ak oe ete es oc 2,657 2,215 é 3,498 
Additional investment, i ng changes: to polymerization Sng oe a $375.000 $600.000 $1,200, 











* Including taxes and insurance not listed under direct refinery expenses. 


of a new isoforming unit has been included in these 
calculations. Similarly, while a refiner may have 
some reforming capacity in an existing cracking coil, 
it has been assumed in Scheme III that only a part of 
the heavy naphtha can be reformed in this manner in 
the average case and an allowance for some new 
thermal-reforming capacity is included in the total 
installation cost in this scheme. 

In Scheme IV the existing polymerization unit 
might be expanded by the addition of a reactor section 
ahead of the catalyst chambers to permit the process- 
ing of a high-olefin-content liquid C,-C, fraction from 
the catalytic cracking unit. In addition, experience has 
shown that it is possible to utilize a number of parts 
of the thermal-cracking unit in converting to catalytic 
cracking. For example, the cracking-unit heater and 
reactor or flash chamber might be used for vacuum 
flashing the reduced crude to prepare the catalytic- 
cracking-unit feed stock. The control house and in- 
struments, fractionator, stabilizer and some parts of 
the gas-recovery section of the thermal-cracking unit 
also might be used in certain cases in the new opera- 
tion. These factors have been considered in estimat- 
ing the total additional investment required in 
Scheme IV. 

The additional earnings of the refinery with cata- 
lytic cracking in Scheme IV will permit paying out 
the new equipment in 3.8 years, while the earnings 
at the 80-75-octane level in Schemes II and III are 
such that essentially no payout is indicated at this 
octane level. It is apparent that in each of these 
schemes it is possible to increase the refinery earnings 
by producing more premium gasoline than in the 
present operations. However, the quantity of prem- 
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ium gasoline has been held constant in all cases for 
purposes of comparison. 

The refinery earnings in the various processing 
schemes at the 83-octane-number premium and 78- 
octane-number house-brand level are shown in Table 
6. In comparing these results with those in Table 5 at 
the lower octane level, it will be noted that the net 
refinery earnings are changed only by the increased 
tetraethyl lead costs and the fact that it is necessary 
to market more of the total gasoline in the lower- 
priced brackets to produce the 83-78 grades in Scheme 
I and II. In fact, the present operation in Scheme I 
shows that it is necessary to sell approximately 23 
percent of the total gasoline produced in third-grade 
bracket in order to meet octane specifications. With 
this limitation on present operations at the 83-78-oc- 
tane level, the payout times for the new investment 
in each of the new refinery schemes are improved over 
that shown at the lower octane level. The payout time 
for the fluid catalytic cracking scheme is reduced to 
only 2.8 years in this case, and isoforming in Scheme 
II shows a payout time of 4.3 years. 

Since it is not possible to operate the average Mid- 
Continent refinery to produce the 85-80-octane grades 
of gasoline Scheme I has been omitted from the com- 
parisons in Table 7 and Figure 11. While there is no 
basis for estimating payout time in this case, it is to 
be noted that the catalytic cracking scheme again 
shows considerably more earnings than the other two 
schemes. As mentioned previously, the production of 
the 85-80-octane grades of gasoline with the addition 
of isoforming and increased polymerization in Scheme 
II can only be accomplished by marketing 21 percent 
of the total gasoline in the 65-octane-number third- 
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ade bracket. The proportion of premium gasoline 
produced in Scheme III amounts to about 12 percent 
of the total production and it is not necessary to sell 
third-grade gasoline in this case. No reduction in the 
amount of premium gasoline produced is required in 
Scheme IV with catalytic cracking. 

The results of these studies are also compared on 
the basis of the cost of producing gasoline in each 
scheme on Figure 12. In calculating the gasoline cost, 
the total direct and indirect costs for each operation, 
less the value of products other than gasoline, were 
divided by the total gallons of gasoline produced. 
The resulting costs were then plotted against the oc- 
tane level of the premium and house-brand gasoline. 
It should be noted that the production of only the 
premium and house-brand grades of gasoline in the 


cost £/ 





grades more heavy fuel oil into high-octane-number 
gasoline and distillate fuels. It might be mentioned 
that it is possible in some cases to show a reduction 
instead of an increase in cost per gallon of gasoline 
produced by installing isoforming or reforming. This 
can be brought about, for example, when low-octane 
naphtha is being produced as tractor distillate or 
kerosine by undercutting, and the installation of iso- 
forming or reforming permits this material to be up- 
graded to increase the volume of gasoline produced. 
It should be noted that each of these costs can be 
raised or lowered by varying the percentage of prem- 
ium gasoline produced, but in general, a greater pro- 
portion of premium can be produced at a given octane 
level in the catalytic-cracking scheme than in the 
other cases. 
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FIGURE 12 
Cost of producing gasoline at various octane levels, and proportion of 
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proportions shown at the bottom of Figure 12 are 
considered in these calculations. Those refining 
schemes which require the production of third-grade 
gasoline in order to meet a given octane specification 
were recalculated at the next lower octane level to 
avoid third-grade-gasoline production. 

On this basis it is interesting to note that the cost 
of producing a gallon of gasoline at a given octane 
level is greater in Schemes II.and III than in the 
present operation, while the operation with fluid cata- 
lytic cracking results in a 0.3-0.4 cents per gallon 
lower cost than that shown in the other schemes. It 
will be apparent that a part of this difference results 
from the fact that the price assumed for the casing- 
head gasoline at the refinery (7 cents per gallon) is 
slightly more than the cost of making gasoline from 
crude. This results in a maximum increase of about 
0.1 cent per gallon in the cost of the total gasoline 
Produced in the schemes in which casing-head is 
utilized. It is not unreasonable to expect the manu- 
facturing costs to be related as shown on Figure 12, 
however, when it is considered that the isoforming 
and thermal reforming processes added improve the 
Octane rating at the expense of gasoline production 
in Schemes II and III, while catalytic cracking up- 
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premium gasoline (only twog rades produced). 
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Sensitivity of Gasolines 

It is well known that gasoline made by fluid cata- 
lytic cracking, especially at high reactor temperature, 
has a considerably higher sensitivity (or Research 
Method octane number less Motor Method octane 
number) than gasoline made by thermal cracking or 
reforming. Commercial fluid-catalytic-cracking units 
have operated at reactor temperatures as high as 
1,000° F. by simply increasing the rate at which hot 
catalyst is circulated from the regenerator into the 


reaction zone. The Research Method octane rating of , 


gasoline is credited by some authorities as an indica- 
tion of better road performance, and as a result, a 
premium is paid in some parts of the country for gas- 
olines having a high sensitivity. 

In order to show the effect of the various processes 
for octane improvement on the sensitivity of the over- 
all refinery blends which are produced in the schemes 
compared in this paper, the sensitivities are plotted 
versus octane level in Figure 13. It is significant that 
the sensitivity of the premium gasoline produced in 
the catalytic-cracking scheme is 6-6.5 points higher 
than the sensitivity of the gasoline produced in the 
other schemes at any of the octane levels. The differ- 
ence in sensitivities of the house-brand gasolines pro- 
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duced in the various schemes is small but again the 
catalytic-cracking scheme produces a higher Research 
Method octane rating in all of the cases studied. 


Summary 

For the processing of low sulfur crudes under the 
conditions of the specific examples studied in this 
paper, the advantages and disadvantages of the vari- 
ous processing schemes in their relation to each other 
might be summarized as shown in Table 8., 

All of the conclusions set forth above, of course, 
do not apply to all refinery situations. For example, 
in the event that a refiner has available a light 
straight-run gasoline which approaches 85-octane 
number with 3.0 c. c. TEL per gallon and existing 
equipment is available, the isoforming operation will 
be much more attractive than the example illustrated 
in Scheme II. Similarly, if the heavy straight run 
naphtha is normally sold as solvents or tractor dis- 
tillate, the case for isoforming is much improved be- 
cause the amount of gasoline upgrading required for 
the 85-80-octane level is reduced. Although a refiner 
may be in a position to choose isoforming or reform- 
ing in preference to catalytic cracking by virtue of 
the reasons mentioned above, it would seem from this 
study that fluid catalytic cracking presents certain 
advantages over these operations which cannot be en- 
tirely ignored. The ability of the fluid-catalytic-crack- 
ing process to handle a wide variety of charge stocks 
ranging from kerosine through heavy gasoils and 
some topped crudes at operating temperatures from 
800 to 1,000° F. is an advantage which is difficult to 
measure in general economic studies. The ease of 
operating a fluid-catalytic-cracking unit on stocks as 
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low in API gravity as 20-25 and at high reactor tem- 
perature to produce both a gasoline of high Research 
octane rating and low-boiling distillate fuels is a 
feature which is assuming increasing importance. 


TABLE 8 
Advantages and Disadvantages of the Various Processing Schemes 





SCHEME Advantages 


. Lowest installation cost. 


Disadvantages 





. Increases cost per’ gallon of 
gasoline produced. 





. Offers.a means of upgrading 
octane level at such low loss 
of gasoline yield that the loss 
can be offset by increased 
polymerization in this 
scheme. to cat. reforming. 


. Cannot make 80-85-octane 
gasolines unless a large amount 
of third-grade gasoline is pro- 
duced in this scheme. 





. The isoforming process re- 
quires only low-pressure con- 
ventional equipment which 
may, in some cases, be on 
hand. 





. Cam make 85-90 grade with- 
out producing third-grade 


gasoline. 


I11—Isoforming and. . Highest cost per gallon of 
Thermal.......: gasoline produced. 





. Installation cost approaches 
that of the catalytic-cracking 
scheme. 





IV—Fluid Catalytic 


. Can make 85-80 grade with- | 1. Highest installation cost. 
Cracking. . 


out producing third-grade 


gasoline. 





. Lowest cost per gallon of able 
gasoline at all octane levels 
studied. 


. Permits increased production 
of distillate fuels from heavy 
gasoil. 








. Improves Research octane 
number of gasoline. 





. Reduces production of 
bunker fuels. 
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FIGURE 13 
Sensitivity (Research-Motor Method) of gasolines at various octane levels. 
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Analysis and Properties of 


German Synthetic Polyethylene Oils" 


C. M. MURPHY and C. E. SAUNDERS 
Naval Research Laboratory, Washington 


hee of the more interesting of the German syn- 
thetic-lubricating-oil developments was the polyethy- 
lene type oils. As the name indicates, these oils are 
liquid polymerization products of ethylene. The syn- 
thesis and some of the properties of these oils have 
been described elsewhere.’**° Three viscosity grades 
of the polyethylene oils were obtained by the United 
States Naval Technical Mission in Europe and sent 
to this laboratory for examination. The oils coded as 
SS (Schmierstoff)-903 and SS-906 were identified as 
aircraft-engine oils. The oil coded as V-120 was iden- 
tified as a lubricant for rocket and jet-propelled air- 
craft. According to the technical mission reports, 
1%20 the polyethylene oils were blended with other 
oils, either petroleum or synthetic for use as lubri- 
cants. It was inferred that in general the blending 
with other oils was practiced to extend the supply 
and reduce the number of viscosity grades produced 
and not because of the inferiority. of the straight 
polyethylene oils as lubricants. Copolymerization 
with petroleum lubricating oil fractions was also em- 
ployed as the product resembled the pure polyethy- 
lene oil more closely than the petroleum oil blends. 
This discussion is concerned with the results of a 
study by this laboratory of many of the physical and 
chemical properties and characteristics of the straight 
polyethylene oils. Some of the properties of interest 
as lubricants are shown in Table 1. The German 
specifications for the various grades are also shown 
there. ASTM test methods? were used in all cases 
where an applicable procedure was given. The ASTM 
color numbers of the polyethylene oils are not radi- 
cally different from these of United States commer- 
cial petroleum oils of similar viscosity grades. How- 
ever, it is unusual to find the less viscous SS-903 oil 
darker than the SS-906. The Germans had no color 
requirement in their specification, only the general 
requirement that the oil be clear and free of undis- 
solved material. It is not known which of these oils 
is the more typical, as regards color, of the German 
production. In general, it has been observed at this 
laboratory that German petroleum oils were not re- 
fined to as light a color as comparable United States 
petroleum oils. Like petroleum oils, the polyethylene 
oils may be decolorized by adsorbents such as fuller’s 
earth. 

The Cleveland open-cup flash and fire points of the 
polyethylene oils are shown in the table. The German 
Standard instrument for this determination is the 
Marcusson open cup and the correlation between 
these two instruments is not known. The Cleveland 
open cup flash point.of the SS-903 oil is on the border 
line of the German specification requirement, and the 
other two oils exceed the requirement. The polyethy- 
lene oils have much lower flash and fire points than 
conventional petroleum oils of the same viscosities. 
Chis may in part be due to the presence of low- 
molecular-weight polymerization products of ethy- 
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5 at viscosity grades of the German synthetic “polyethylene” 
oils have been analyzed and studied. They were found to differ 
from conventional petroleum oils in several respects. They are 
unique in that they have high V.I.’s and also low pour points and 
carbon residues. Their superiority as compared to petroleum oils 
in these respects becomes more apparent for the higher-viscosity 
oils. An examination of some of their pertinent physical and 
chemical properties led to the conclusion that the polyethylene 
oils were essentially a mixture of isoolefins. The branch chains are 
short, principally methyl groups. 

The least viscous oil with a pour point of -85° F. has possibili- 
ties as a diesel and jet fuel for low-temperature use. Its cetane 
number is 58. Thus it may also prove useful as a blending agent 
or diluent for high-cetane-number fuels with high pour points. 

Laboratory oxidation studies and engine tests reveal that the 
oxidation stability of the polyethylene oils is poor as compared to 
petroleum oils. The oxidation stability can be improved by the 
use of antioxidants, certain sulfur-type inhibitors being the most 
effective. Such inhibited oils compare favorably in stability and 
engine cleanliness with conventional petroleum lubricants. 

The opinions or assertions contained in this paper are the 
authors’ and are not to be construed as official or reflecting the 
views of the Navy Department. 











lene, but the differences observed are so great that 
they are attributed to differences in structural con- 
figurations. The spontaneous-ignition temperatures 
using the apparatus described by Sortman, Beatty 
and Herron” were not greatly different from com- 
parable viscosity petroleum oils. 

The viscosities of these oils at various temperatures 
are given in both centistokes and Saybolt universal 
seconds. The German viscosity limits in Engler de- 
grees were converted to centistokes by the tables and 
formulae given by Barnard.* The V-120 oil with a 
viscosity of 10.2 centistokes at 20° C. (68° F.) is well 
above the minimum viscosity required, 8.6 centi- 
stokes. However, at —60° C. (—%6° F.) the viscosity 
obtained by the extrapolation of the viscosity-tem- 
perature graph from —40° F. to —76° F. was 6000 
centistokes as compared to the requirement of 2500 
centistokes. It is realized that such extrapolations are 
frequently inaccurate, but in general the extrapolated 
value is lower than the experimental value. Thus, it 
is concluded that the V-120 oil greatly exceeds the 
German specification requirement at —60° C, (—%6° 
F.). The kinematic viscosity index or K.V.I. of this 
oil is 96 which is not unusual for certain petroleum 
fractions of similar viscosity. An oil conforming to 
the German specification, of a minimum of 8.6 centi- 
stokes at 68° F. and a maximum of 2508 centistokes 
at —76° F. would be exceptional. 

The SS-903 and SS-906 oils are much more viscous, 
the former falling in SAE 50 viscosity grade and the 
latter in SAE 140 grade. Both oils are on the border 
line of the German viscosity requirements at 122° F. 
and 212° F. Oil SS$-903 with a K.V.I. of 110 is below 
the specification requirement of 115. The SS-906 oil 
with a K.V.I. of 109 exceeds the specification require- 
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ment of 107. Compared to petroleum oils the ob- 
served K.V.I.’s of these oils are excellent. This is 
particularly true of the more viscous grade as the 
V.I. scale is less favorable to oils of the higher vis- 
cosities. For example, V.I.’s of 100 and above are not 
uncommon for petroleum oils up to the SAE 40 vis- 
cosity grade, whereas for the more viscous oils, V.I.’s 
above 95 are unusual. The kinematic viscosity vs. 
temperature graphs on ASTM Viscosity-Tempera- 
ture Chart D 341-43 are essentially straight lines for 
all of the polyethylene oils over the temperature 
range investigated. 


specification AN-0-8, mentioned above, allows carbon 
residues up to 1.2 percent. ) 

The polyethylene oils, like well refined petroleum 
oils, have low neutralization, saponification and pre- 
cipitation numbers. They do not tarnish copper after 
three hours at 212° F. and have little or no inorganic 
constituents present. It is probable that the trace of 
ash observed in the aircraft-engine oils was due to 
the presence of rust in the containers. The polyethy- 
lene oils have sulfur contents of less than 0.05 per- 
cent, which is much lower than that of conventional 
petroleum lubricating oils. 


TABLE 1. 
Properties of Polyethylene Oils 














V-120 


SS-903 SS-906 





Experimental] German Spec. imental|G 





man Spec. |German Spec. 





Flash Point C.0.C., °F............. 
Fire Point C.0.C., °F................ 


iscosity, centistokes at 212 
Viscosity, centistokes at 210° F...... 

, centistokes at 130° F....... 

centistokes at 122° F...... 

, centistokes at 100° F 

, centistokes at 77°F........ 

, centistokes at 68° F 

, centistokes at 32° F 

,centistokesat O°F...... 

, centistokes at —40°F... 

, centistokes at —76° F 
Viscosity, 8.8.U. at 210° F............ 
Viscosity, 8.8.U. at 130° F............ 
Viscosity, 8.8.U.at 100° F............ 
Viscosity, 8.8.U.at 77° F............ 
Viscosity, 8.8.U.at 32°F........ 
Kinematic Viscosity Index............ 
Conradson Carbon Residue, Percent... . 
Neutralization Number : 
Saponification Number............... 
Precipitation Number... . 

Copper Corrosion: 3 hrs. at 212° F. 

Corrosion: 24 hrs. at 212° F.. .. 

ur, percen ESTs 
Specific Gravity 20°/4° C 
ifie Gravity 60°/60° F. 


14.69 
C17.9Hs6.6 
2240.6 

0.65 
1.4586 
1.4548 
1.4529 
Refractive Index..n%° (6563 °A)... 1.4504 


Dispersion (nr—nc)x10*..... aed 82 
Specific Dispersion — ae 
ills Refraction........... 0. 
olar Refraction (experimental) 83. 
Molar Refraction (calculated)......... 84. 


332 
5 
7 








a 
248°» 


a 7 
392° 438°» 
21t t 42° 


334-350 


Ce1.0H120.0 
CaH2s-2.0 
2.00 


1.48004 
1.4762 


1.4739 
1.4715 
85 
102 100 
0.330 0.330 


214 282 
216 283 

















. 7 
Open Cup. 
Cauchy formula. Maximum, 


* Minimum. t 


The V-120 oil has a pour point of —85° F. This is 
unusually low for petroleum fractions of similar vis- 
cosity, most aviation gasolines have freezing points 
around —75° F. The SS-903 oil has a pour point of 
—20° F. For comparison, the grade 1100 oil (93-103 
S.S.U. at 210° F.) of Army-Navy Aeronautical Spec- 
ification AN-0-8 for “Oil; Lubricating Aircraft En- 
gine” has a pour point requirement of + 10° F. 
(max.). The SS-906 oil has a pour point of —10° F. 
which is exceptional for an oil of this viscosity. 
Though these oils have exceptionally low pour points 
as compared to similar petroleum products, they all 
fail the German specification requirement. These oils 
also differ from petroleum oils in that their Conrad- 
son carbon residues are very low. The SS-903 oil has 
a slightly higher value (0.18 percent) than the SS-906 
(0.14 percent), For comparison, the grade 1100-oil of 
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* The oil shall be clear, free of undissolved water, mineral acids and solid foreign material. 
* Interpolated or extrapolated from ASTM Viscosity-Temperature Chart. 


» Marcusson 
4 Extrapolated by use of 


The average molecular weights of the polyethylene 
oils were determined ebullioscopicly, using the ap- 
paratus described by Washburn and Read.” Thio- 
phene-free benzene dried over sodium was used as 
the solvent. The molal boiling point elevation of the 
benzene was determined experimentally, using care- 
fully purified samples of hexadecane and naphthalene 
and found to be 2.542 + 0.24 percent. The molecular 
weights shown in Table 1 are the averages of tripli- 
cate determinations. The molecular weights of the 
polyethylene oils‘are somewhat higher than those of 
petroleum oil fractions*** of equal viscosities. Micro- 
determinations of the carbon and hydrogen contents 
were made in duplicate and the values reported are 
the mean. The hydrogen content and the hydrogen to 
carbon ratios are higher than those of petroleum oils. 
The molecular formulae were calculated after adjust- 
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ing the sum of the carbon and hydrogen contents to 
100 percent. 

The empirical or general formulae of the polyethy- 
lene oils show that the hydrogen deficiency increases 
with increasing molecular weight. The hydrogen de- 
ficiency could be due to the presence of unsaturated 
linkages or cyclo-paraffin groups which’ *1*?5 have 
been shown to be present in the polymerization prod- 
ucts of ethylene. The decolorization of bromine by 
the polyethylene oils shows the presence of unsat- 
urated bonds. The number of double bonds per mole- 
cule was calculated on the assumption that the poly- 
ethylene oils contained no cyclic groups. Evidence 
for the absence of such groups will be discussed later. 
As the molecular weights of the pclyethylene oils 
differ greatly in magnitude, the degree of unsatura- 
tion would be better expressed on a comparable 
weight basis. Expressed as the number of double 
bonds per 100 molecular weight, the ratios are 0.238, 
0.270 and 0.234 for the V-120, SS-903 and SS-906 oils 
respectively. Therefore, the degree of unsaturation of 
the polyethylene oils is approximately the same, the 
SS-903 oil being slightly greater than the other two 
oils. 

The specific gravities of the polyethylene oils are 
much lower than those of petroleum fractions*** of 
comparable viscosity and molecular weight. The 
Pennsylvania type or “paraffin-base” oils have spe- 
cific gravities more nearly approaching those of the 
polyethylene oils than any of the petroleum oil types. 
The Pennsylvania-type oils are composed of cyclo- 
paraffin or naphthene nuclei with alkyl side chains. 
Petroleum oils containing aromatic nuclei have much 
higher specific gravities. The properties of synthetic 
high-molecular-weight hydrocarbons®****** confirm 
the generalizations that there is a progressive in- 
crease in specific gravities of the paraffin, cycloparaf- 
fin and aromatic hydrocarbons. The specific gravity 
of an olefin is greater than that of a paraffin with the 
same structural configuration, but insufficient data are 
available to make generalizations as to how they com- 
pare with the cycloparaffins. The specific gravities of 
the polyethylene oils are higher than those calculated 
for feaiaraitien of similar molecular weights by Fran- 
cis’ method.® The presence of olefins in the polyethy- 
lene oils would account for at least the greater part 
of the differences observed. The aniline points of the 
polyethylene oils are high as compared to petroleum 
fractions. This is confirmatory evidence of the ab- 
sence of aromatic constituents and conjugated olefins. 


The refractive indices and related optical properties 
are well known to be useful in helping to establish 
the structure of hydrocarbons and petroleum oils. 
The refractive indices of the polyethylene oils were 
determined with light of the following wave lengths ; 
hydrogen C (4861°A), mercury green (5461°A) so- 
dium D (5893°A) and hydrogen F (6563°A). A 
Bausch and Lomb precision Abbe refractometer was 
used in making these determinations. The SS-903 and 
SS-906 oils were so highly colored that a precise 
value could not be obtained for light of 4861°A. The 
values reported at this wave length were obtained by 


extrapolating the straight line graph of n vs. + 


(Cauchy formula). The refractive indices for sodium 
D light (mp?°) are lower than those of petroleum oils.® 
A comparison with the reported results for synthetic 
hydrocarbons®!* 15.16 reveal that the polyethylene oils 
have refractive indices lower than those of substi- 
tuted cycloparaffin and aromatic compounds but 
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higher than the isoparaffins. Olefins have higher re- 
fractive indices than the corresponding paraffins due 
to the exaltation caused by the double bond. The 
number and nature of the branch chain has a variable 
and less predictable effect on the refractive index. 
Thus by comparison it appears that these synthetic 
oils are probably branched-chain olefins. 

The specific dispersion, the difference in the refrac- 
tive indices for two wave lengths of light divided by 
the density, has been especially useful in characteriz- 
ing the structure of hydrocarbons. Dispersions are 
most commonly given for the interval between the 
hydrogen F and C lines. Ward and Kurtz™ have pre- 
pared one of the more complete tabulations of the dis- 
persions of various hydrocarbon types. The paraffins 
and cycloparaffins have specific dispersions of ap- 
proximately 99 x 10“. Olefins, diolefins and aromatics 
have higher specific dispersions depending on the 
amount of unsaturation, configuration and molecular 
weight of the molecule. The specific dispersions of 
monoolefins tend to approach that of paraffins at 
high molecular weights. As the polyethylene oils 
have specific dispersons of 100 to 102 x 10%, it is un- 
likely that they contain conjugated olefins or aro- 
matic constitutents. 


The Lorenz and Lorentz specific refraction (de- 
fined as r= ay ) and the molar refraction (defined 


as Y X mol. wt.) are also helpful in characterizing the 
structure and composition of compounds. For satu- 
rated hydrocarbons, it has been established that the 
experimentally determined molecular refractions are 
equal to the sum of the atomic refractions. For un- 
saturated and aromatic hydrocarbons the calculated 
values are lower than the observed values. Thus the 
molecular refraction is not a simple additive function 
but also is influenced by the structural configuration 
of the molecule. Eisenlohr®* values for the aromatic 
refractions are most commonly used and are as fol- 


lows mp”° 
C = 2.418 
H = 1.100 


C= C= 1.733 exaltation due to an isolated double bond. 

It is seen from Table 1 that the experimentally de- 
termined values of the molecular refraction agree 
quite well with the values calculated from the mole- 
cular formulae. The differences observed are. well 
within the accuracy of the molecular-weight and ulti- 
mate analysis determinations. Therefore, the average 
molecular formulae assigned to the various poly- 
ethylene oils are considered substantially-correct. The 
conclusions previously drawn, that there are no con- 
jugated olefinic structures or aromatic constituents 
present, is further confirmed. 

The absorption spectra of the polyethylene oils in 
the ultra-violet and infrared regions were determined 
by Messrs. J. J. O’Neill and D. C. Smith of this lab- 
oratory. These spectra confirm the absence of aro- 
matic components. The infrared spectra of the oils 
show that they are chain-like hydrocarbons having an 
occasional double bond not at the end of the mole- 
cule and not adjacent to the branching centers. All 
these oils have approximately the same number of 
double bonds per unit length of chain. These spectra 
also revealed that the polyethylene oils contained a 
few branch chains, mostly methyl groups, some at- 
tached near the ends of the chain and others attached 
elsewhere. The higher-molecular-weight oils appear 
to have fewer methyl branches, the SS-906 oil having 
no branches at the ends of the chain. The spectra of 
these polyethylene differ most in that SS-903 shows 
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TABLE 2 


Vacuum Distillation of Polyethylene Oil V-120 
































Dist. Pressure | Weight | Visc. cs. isper-| Aniline 
FRACTION | Range,"F. | mm. | Percent | at 100 °F. Is, x 104°] Point, °F. 
eins baled 122-221 1.2 2.1 1.90 106 - 167.7 
deh bsdses 221-234 1.2 8.1 2.45 177.1 
beds cgficettes 1.2 8.7 2.92 109 182.7 
i beeecetebuces 236-242 1,2 9.2 3.40 106 187.0 
Predecteredas 176-246 1.3 5.2 3.92 109 190.8 
6> 246-217 1.3 5.1 4.15 109 192.2 
MidecWelkbade debs 217-232 1.3 45 4.17 108 191.3 
Piha a hadien 4 244-266 18 53 6.38 109 204.3 
Pavewé s'est 266-280 18 94 6.71 109 205.2 
eae 280-284 1.8 19 7.14 109 205.7 
Se Sea ccveen | Sndeemee PA 40.5 22.8 103 233.8 
V-120 Oil. 6.04 101 204.2 
* Distillation stopped and started again the next My » Cracking occurred and 

perature dropped. ¢ Pressure increased to 1.8 mm. due to cracking. 
Rf—De 
—— 
d 


strong carbonyl oxygen absorption, the V-120 oil 
much less and the SS-906 oil exhibits no definite car- 
bonyl absorption. 

The V-120 oil was distilled under a pressure of 1 to 
2 mm of mercury through a %-inch diameter column 
packed to a depth of 10 inches with glass helices. 
Some of the properties of interest of the various frac- 
tions are given in Table 2. The data reveal that the 
oil is a mixture of molecules of varying molecular 
weights as reflected by the increases in boiling points, 
viscosity and aniline points. Even at pressures of 1 to 
2 mm., cracking was apparent before the temperature 
reached 250° F. The distillation had to be stopped 
when the temperature reached 284° F., as it was im- 
possible to maintain a pressure as low as 2 mm. be- 
cause of cracking. The specific dispersions of the dis- 
tillation cuts are higher than that of the original oil. 
This is additional evidence of cracking, as the spe- 
cific dispersion increases with the degree of unsatura- 
tion. The SS-903 oil was distilled in the same ap- 
paratus but under lower initial pressures, 0.2 to 0.4 
mm. of mercury. As in the distillation of the V-120 
oil, the pressure increased due to cracking and when 
the temperature reached 280° F., the distillation had 
to be stopped as the decomposition became excessive. 
The fractions collected showed a progressive increase 
in viscosity and aniline points similar to those of the 
V-120 oil. No attempt was made to distill the SS-906 
fraciton. 

The results of this phase of the investigation on the 
polyethylene oils lead to the conclusion that they 
differ considerably from petroleum oils in structure 
and in some properties. It is concluded that they are 
essentially a mixture of isoolefins. The degree of un- 
saturation is approximately the same for the three 
oils received. Expressed as the number of double 
bonds per 100 molecular weight, the ratio is approxi- 
mately 0.25. The infrared absorption spectra reveal 
that the branch chains are essentially methyl groups. 
The amount of branching is less in the higher-mole- 
cular-weight oils which is reflected by their higher 
V.I.’s. The molecular refractions calculated from the 
atomic refractions and the average molecular for- 
mulae agree quite well with the experimentally de- 
termined values. 

Low-pour-point fuels for diesel and aircraft jet 
engines are needed for military applications. The 
straight-chain or normal paraffin hydrocarbons have 
been shown to have better ignition characteristics as 
diesel fuels than the branched-chain or cyclic hydro- 
carbons. However, the straight-chain compounds 
have such high pour points that their use as diesel 
fuels even in temperate climates is not practical. 
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Therefore, some compromise in ignition quality must 
be made to obtain the low pour points needed. Low- 
point fuels with ignition qualities superior to those 
of petroleum oils are desired. The possibility of the 
V-120 polyethylene oil as a diesel fuel was first sug- 
gested by its high aniline point and low pour point. 

Many formulae and equations have been devised 
attempting to correlate the ignition characteristics of 
diesel fuels with physical and chemical properties. 
One of the most commonly employed is the Diesel 
Index Number or D. I. of Becker and Fischer.* 

re ee API Gravity X Aniline Pt. °F 

a ares 100 

The D. I. of the V-120 was found to be 84. Such a 
rating is unusual for petroleum fuels. No definite cor- 
relation has been found between the D.I. and the 
ignition qualities as determined by the motor method, 
but the two methods agree very well for conven- 
tional “undoped” fuels. It was not known how the 
two methods would correlate for a synthetic fuel that 
differed from petroleum fuels in structure. However, 
as the V-120 oil was in the viscosity range of diesel 
fuels, a direct comparison of its properties with cur- 
rent specification requirements was made. Table 3 
shows that the V-120 oil conforms to all the require- 
ments of Grade A fuel of U. S. Army Specification 
No. 2-102C and the Navy. Department Bureau of 
Ships Specification 7-0-2 (INT). The V-120 oil is de- 
cidedly superior to specification oils as regards flash, 
pour points and sulfur content. 

The cetane number was determined by the U. S. 
Naval Engineering Experiment Station and found to 
be 58, which is a considerably lower rating than ob- 
tained by the D. I. method. Therefore, the D. I. rating 
is not a reliable method of characterizing the ignition 
qualities of the synthetic polyethylene oils as it gives 
them too high a rating. According to the cetane rat- 
ing, this oil has better ignition characteristics than 
the-majority of petroleum fuels and should make a 
good low-pour-point diesel fuel. It may also prove 
useful as a blending agent to depress the pour point 
of the high-cetane-number fuels such as those made 
by the Fischer-Tropsch process. 

The heats of combustion are of interest for oils pro- 
posed as fuels. These were calculated at both con- 
stant volume and pressure for the V-120 oil from its 





TABLE 3 
Properties of Polyethylene Oil, V-120, of Interest as a Diesel Fuel 








Arm Sess. A aoy e of , ae = de 
Grade A | 7-0-2 m aks ove V-120 
UE a ey eee eee 140 150 222 
ASTM Color Number. . Ee 5 5 2 
Ae ge AD Rae Tt . 0 —85 
EN eae ee BBteGO, 4. chants 6.04 
Viscosity, §.8.U. at 100° F..................... ana 35 to 45 45.6 
Water and Sediment, RUN ac55 uoeics ocean 0.05 0.05 nil 
Total Sulfur, Percent............ 1.25 1.00 <0.05 
Carbon Residue, (10 Percent Bottoms) Percent . 0.15 0.20 0.13 
ES a eae ee ‘ned 0.01 nil 
pemee ee 3 hrs. at 212 °F .. pass pass nil 
ee Der ey aes ae. = 443 
10 Percent Distilied, Tee ites 502 
30 Percent Distilled, °F.................... tial tal 533 
50 Percent Distilled, °F... Pe 563 
70 Percent Distilled, °F... att il P ee 603 
90 Percent Distilled, °F................. 675 675 670 
End Point, °F.. Sg ¢ AP RAS RRR 725 tibet 691" 
Index Number....... : ; 53 84 
Cetane Number.............. 40 50 58 
Heat of Combustion: 
Constant Volume: 
 . a“. hs ate 
ne 135,1 
Constant Pressure sa 
As esate decid bul’ 18,540 
Btu/gal. . 126,600 














* Shall be 10 °F below the lowest atmospheric temperature expected. 
> 95 percent distilled before cracking. 
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density, by the graphical interpolation of the values 
given by the Bureau of Standards.** As the heats of 
combustion of hydrocarbons increase with density or 
carbon content, the polyethylene oils have lower 
heats of combustion than do similar-viscosity petro- 
leum products. 

Some information as to the thermal and oxidation 
stability of any fluid proposed as a lubricant is neces- 
sary before its possible usefulness and range of ap- 
plication can be predicted. The polyethylene oils were 


marized in Table 4, reveal that the SS-903 oil is the 
most stable to oxidation in the all-glass system. The 
V-120 and SS-906 oils showed large increases in 
neutralization numbers and. viscosities. The V-120 oil 
also had a high evaporation loss and volatile acid 
neutralization number. The presence of cold-rolled 
steel in the system did not materially effect the oxida- 
tion reactiorls of the SS-oils. The V-120 oil in the 
presence of cold-rolled steel showed a smaller neu- 
tralization number increase, viscosity change and 


















































TABLE 4 , 
Dynamic Oxidation Tests at 100°C. on Polyethylene Oils 
Neutralization No. Visc. cs. at 100° F. Volatile 

Conc. of Metals Acid Neut Weight 

OIL ANTIOXIDANT Antiox % Present Before After Before After Number Loss, % 
.. s gece ys Lecctobdcedbaei ES ET SEN FEF 0.03 60.5 6.09 48.3 19.87 14.0 
WO oe | adc iniigh bbe cn ta teeee ! viet Wee cates 0.03 49.9 6.09 23.5 31.32 8.0 
V-120...| 4-tert Butyl-2-phenylphenol.. . . | Bee Ree 0.08 0.44 6.09 6.50 4.11 2.6 
V-120...| 4-tert Butyl-2-phenylphenol..... 0.2 Fe. Cu. Du 0.08 0.81 6.90 6.75 4.50 3.8 
Stl idksutoodewhebiphet' es fied) <alek ap gu! SS set 0.07 0.13 219. 229. 2.55 0.3 
SE isn idan y oa Qharneete seat in akcuen Fe 0.07 0.14 219. 230. 2.51 cai 
88-903. . RES ee pee Fe. Cu. Du 0.08 9.6 219. 424 8.56 +2.0 
88-903..| 4-tert Butyl-2-phenylphenol..... 0.2 Fe. Cu. Du 0.08 1.77 219. 271. 6.13 +0.6 
EGE” yuvGcabs apc <ctk tev udideseh tees -rcde | ie dt obbylees 0.06 6.1 658 1360 4.90 1.6 
SS-906..| . ee 2 aac Deis banc 0.06 6.1 658. 1270 2.92 +1.6 
88-906. 4-tert Butyl-2-phenylphenol. . . . | ROA 0.06 0.18 654. 728. 5.34 0.0 
SS-906 4-tert Butyl-2-phenylphenol. . . . 0.2 Fe. Cu. Du 0.06 1.75 654 858 5.93 +0.8 

TABLE 5 
Dynamic Oxidation Tests’ at 130°C. on Polyethylene Oils 

Percent Neutralization No. Viscosity, Cstks. at 100° F.| Volatile Weight 
Antioxidant Acid Loss 

OIL ANTIOXIDANT U Before After Before After Neut. No. Percent 
V-120 None. . Se ee Se TERS te  eebh 0.03 75.0 6.09 593. 60.9 23.8 
V-120....| 4-tert Butyl-2-phenylphenol................... 0.2 0.07 51.7 6.09 76.6 > 835 12.6 
V-120 SBR ee id 0.2 0.11 0.17 - 6.11 7.57 0.1 13.2 
SS-903 None... - , a Sees : Sauee 0.07 16.8 219. 964. 31.3 1.2 
8S-903...| 4-tert Butyl-2-phenylphenol................... 0.2 0.08 10.2 218. 535. 11.0 1.0 
§$8-003...| Phenothiasine....................... ‘ 0.2 0.10 0.33 219. 263. 0.1 2.5 
$S-903...| Dihexadecyl thioether......................... 1.0 0.04 2.5 217. 361. 11.4 3.6 
SS-903 Phenyl! beta naphthylamine................. 0.5 0.04 24.7 216. 1476. 29.3 2.8 
88-903 Triphenyl phosphite.................. oa 0.2 0.25 22.4 218. 1453. 30.8 2.0 
SS-906 Re - I RS Tey ae ee ESF 0.06 17.9 658. 3879. 13.2 3.5 
$S-906...| 4-tert Butyl-2-phenylphenol.................. 0.2 0.06 26.9 655. 12680. 19.8 6.5 
88-906... Phenothiasine........................ sak 0.2 0.05 0.07 657. 735. 13 11 
7 Ee Rept Ee eee ee saehd 0.06 40.0 78.0 2430. 24.1 9.0 
Blend....| 4-tert Butyl-2-phenylphenol............. 0.2 0.07 30.8 77.4 819. 27.1 7.6 
Es. 5th) MI inne dee wthinas cnbdgabiovs os ; 0.2 0.09 0.41 78.7 103. 1.1 4.2 
Blend Rs ines. iss on uehers hina tha ; 0.5 0.11 0.44 78.6 102. 1.0 3.8 
Blend....| Dihexadecyl thioether....................... 1.0 0.07 1.94 76.5 102. 9.2 3.6 
Blend....| Phenyl beta naphthylamine................... 0.5 0.05 27.7 76.3 1250. 31.2 10.0 
Blend.... tle: i 6 osc bvuksws pebasees.s 0.25 0.07 34.2 77.8 867. 28.5 6.8 
Biome....) BORG E PONIES oii. solic ces ctecesccccces 0.1 0.33 19.3 79.4 273. 20.5 5.2 
ie <2 eis 0.25 0.11 0.75 79.1 103. 2.6 3.8 
Blend....| Thio beta naphthol...................0.....6. 0.5 0.30 0.70 78.4 101. 2.1 3.0 





























1 Consists of 76 mt SS-903 and 24 percent V-120, by weight. 


perce: 
2 Cold rolled (SAE 1020) steel, copper and 24 ST duralumin specimens were present in all tests. 


oxidized in the all-glass system elsewhere described 


by this laboratory? at 100° C. with air. A 25-gram _ 


sample was used and the air flow rate was 20 ml/min. 
The test was of 168 hours duration. Other tests were 
made when the oil was oxidized in contact with 
metals. The metal specimens used were of electro- 
lytic copper, 24 ST duralumin and SAE 1020 cold- 
rolled steel which were polished and degreased. They 
were 1% x %x 1/16 inches and had a surface area of 
1.75 square inches or 11.12 square centimeters. When 
all three metals were used in the oxidation test they 
were arranged in the form of a triangle with the long 
edges in contact with the other specimens. 

The viscosities and neutralization numbers were 
determined before and after each test and the changes 
in these properties were used as criteria of the sta- 
bility of the oil. The effluent gases from the oxidation 
cell assembly were bubbled into a known volume of 
standard alkali and back titrated at intervals to de- 
termine the amount of volatile acidic products. The 
number of mg. of KOH required to neutralize the 
volatile acidic products formed per gram of oil charge 
was calculated and referred to'as the volatile acid 
neutralization number. 

The results of the oxidation tests at 100° C., sum- 
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evaporation loss. However the volatile acid neutrali- 
zation number was much higher. As the SS-903 oil 
was quite stable to oxidation at 100° C. in a glass sys- 
tem and also in the presence of cold-rolled steel, an- 
other test was made including copper and duralumin 
in the system. Copper is known to be a powerful 
oxidation accelerator for petroleums, hydrocarbons 
and vegetable oils. The aluminum alloys of the du- 
ralumin type are much weaker accelerators. When all 
three of the metals were present, the SS-903 oil was 
evidently more highly oxidized. 

It is well known that certain materials, even when 
present in small concentrations, act as inhibitors re- 
tarding the rate and possibly the course of the oxida- 
tion reaction. Phenolic type compounds have been 
found to be effective anti-oxidants particularly at the 
lower temperatures. A typical phenolic antioxidant, 
4-tert butyl-2-phenylphenol, was used in the poly- 
ethylene oils in 0.2 percent weight concentrations. In 
the all-glass system this concentration was able to 
inhibit the oxidation of the V-120 and SS-906 oils un- 
til they were approximately as stable as the unin- 
hibited SS-903 oil. The inhibited V-120 oil had a 
much smaller evaporation loss and volatile acid neu- 
tralization number than the straight oil. This indi- 
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TABLE 6 
GM-1-71 Diesel, Engine Test (a) 
Blend of 
SS-903 and 
14-0-13a | SS-903 and | V-120 Plus 
ENGINE DEMERITS V-120® (1% H.D.T.E 
' = iki 1.0 0 1.0 
Pines Skit Easguer snd Slusige. elke: 4.0 0 25 
Piston Skirt Lacquer....... ait 3.0 3.3 . 
Piston Skirt Sludge... 4.0 3.7 a2 
Cylinder Liner Lacquer 0.5 0.2 0.1 
ig Groove Deposits. . ' ‘ 
rh Above Top Groove 2.5 0.9 0.6 
ieee BY) 8) 
Oil Ring Slots 0.6 23 0.5 
Oil Ring Holes 0.4 0.5 0.5 
an, i eietnce 0.0 0.0 0.0 
Il. ee ser Lia 
i i 2.5 1.6 0.5 
Top Ring.... 3.5 1.6 1.1 
Conn. Rod Bearings 4.0 415.0¢ 23 
Corrosion........ 0.0 e 0.0 
Vi ~ at — t (210° F.) 1974 41 
iscosity increase, percen’ S. . 
Viscosity increase, percent (100° F.). . . 8904 105¢ 
Neut. No. increase............ 7.63! 0.22 
a Naphtha Insol., percent i 0.36 
oroform Insol., percent. . ‘ 0.25 














* Test runs for 300 hrs at 1200 rpm, 15 bhp, 175° F. coolant temperature and 230° F. 
crankcase oil temperature. Mi on ‘ 

» Test discontinued after 190 hrs. because of viscosity increase and consequently engine 
temperature went out of control. ¢ Bearing seized. 4 After 180 hrs. 

* After 300 hrs. t After 120 hrs. 

H.D.T.E. Hexadecyl thioether. 


cates that the evaporation loss of the uninhibited oil 
is due to the scission of the oil molecules by oxidation 
and also accounts for the large amount of volatile 
acidic products evolved. When the inhibited oils were 
oxidized in the presence of metals, they showed im- 
proved resistance to oxidation, although they in- 
creased in viscosity and neutralization numbers. The 
4-tert-buytl-2-phenylphenol was the most effective as 
an anti-oxidant in the V-120 oil as shown by the 
smaller increases in neutralization numbers and vis- 
cosity. The viscosity changes observed in this oil were 
also influenced by the evaporation of the more volatile 
and less viscous components. 

As a temperature of 100° C. is rather mild for the 
evaluation of crankcase lubricants, the temperature 
was raised to 130° C. for additional tests. All tests at 
this temperature were made in the presence of metals 
as they are always present under service conditions. 
As it was desired to make small-scale engine tests on 
the polyethylene oils, the SS-903 and V-120 oils were 
blended to SAE 30 viscosity requirements. The blend 
contained 76 percent by weight of the SS-903 oil. As 
would be expected the uninhibited oils are more 
highly oxidized at 130° C. than at 100° C. Typical 
amine, phenolic, phosphite and sulfur-type inhibitors 
were investigated at this temperature. The data 
shown in Table 5 reveals that certain sulfur-type 
anti-oxidants were the most effective of the inhibi- 
tors investigated. The polyethylene oils inhibited by 
phenothiazine and thio & naphthol compare favorably 
in stability with the better petroleum oils. 

The uninhibited blend of the SS-903 and V-120 oils 
and the blend with 1 per cent of hexadecyl thioether 
as an antioxidant were evaluated in a General Motors 
1-71 diesel engine under the requirements of specifi- 
cation 14-0-13a, namely 15 B.H.P.; 1200 R.P.M.; 
175° F. coolant temperature and 230° F. crankcase 
oil temperature. The test was of 300 hours duration 
and was carried out by the U. S. Naval Engineering 
Experiment Station. When the engine was lubricated 
with the uninhibited oil the test had to be discon- 
tinued after 190 hours as it was impossible to main- 
tain the specified temperatures. This was due to the 
large increase in viscosity of the oil, which could be 
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predicted from the laboratory oxidation tests. The oil 
inhibited with hexadecyl thioether caused no apparent 
difficulties in engine operation. The engine ratings 
after use of these blends as compared to specification 
requirements are shown in Table 6. 

The data shown there reveal that when the engine 
was lubricated with the inhibited blend it exceeded 
the “engine cleanliness” requirements on two counts, 
“ring groove deposits” and “oil ring holes.” The en- 
gine wear was well within the specifications limits. 
The oil after the 300-hour test had not increased ex- 
cessively in neutralization number, precipitation 
naphtha, or chloroform insolubles. The viscosity in- 
crease was rather high but this was caused chiefly by 
the evaporation of the lighter V-120 component. It 
would seem quite probable that the addition of an 
effective detergent would reduce the amount of en- 
gine deposits. It is unfortunate that the laboratory 
oxidation studies were not completed when the engine 
tests were made so that one of the more effective anti- 
oxidants, thio 8 naphthol or phenothiazine could have 
been used. 

The laboratory oxidation studies and engine-test 
results indicate that the polyethylene oils are not suf- 
ficiently stable to oxidation to be used as lubricants. 
However, it is possible to improve their resistance 
to oxidation by the use of antioxidants. The sulfur- 
containing antioxidants were the most effective of 
those studied, and the oils inhibited with them com- 
pared favorably with petroleum oils in stability. The 
cleanliness of the G. M. 1-71 diesel engine after 300 
hours operation when lubricated with polyethylene 
oil also compared favorably with petroleum oil lubri- 
cants. It seems probable that detergents could be 
used as effectively in polyethylene as in petroleum 
oils. 
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factors Atfecting the API Design of Separators 
for Removal of Oil trom Waste Water Effluents 


SHEPPARD T. POWELL and E. I. KNOEDLER, JR. 


BD hiserees the war years the principal efforts of 
indystry were devoted to the production of critical 
materials and appliances. Consequently, the pollution 
increased at an accelerated pace because agencies nor- 
mally interested in such matters took little action for 
specific control. However, continued disregard of 
these problems is not justified now, and many groups 
are attempting, energetically, to correct these con- 
ditions. To cite a simple example of increase in pollu- 
tion, the chlorine demand in one section of the Dela- 
ware River increased from about 5 to 150 ppm in the 
interval 1941 to 1944, or 3000 percent. Although this 
condition occurred during low river flows it is an 
indication of the extreme depreciation of the water 
quality. During the warm weather periods, because of 
pollution loads imposed on the stream, the water 
contains no.dissolved oxygen, and a marked putres- 
cible condition of the sludge in the river bottom 
occurs. 

The present article is restricted to the correction of 
oily wastes since the nature and extensiveness of 
various liquid by-products now reaching the surface 
waters of the country are so varied as to preclude 
any general discussion. 

The petroleum refining industry discharges many 
types of oils, some of which cannot be removed ex- 
cept by selective treatment. The American Petroleum 
Institute, which earlier recognized the problem, has 
accomplished noteworthy results through group effort of 
committees representing the contribution of many 
individuals and companies. In this respect much 
credit should be given to the American Petroleum 
Institute committee which was responsible for the 
API separator design.” 

Some years ago the committee formulated a design 
and prepared specifications for a separator to remove 
oil from plant effluents by gravity separation. These 
data were published by the American Petroleum In- 
stitute in the form of a loose-leaf pamphlet entitled 
“Disposal of Refinery Wastes, Section 1, Waste 
Water Containing Oil.” At the time these data were 
assembled they represented the joint efforts of indi- 
viduals and companies affiliated with the committee 
work. Many separators have been built according to 
the recommended API design formulae and the 
operating results obtained have demonstrated the 
soundness of the over-all design. However, the pub- 
lished results apparently represent a certain amount 
of compromise because although they have been 
reasonably satisfactory for the design of large sepa- 
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| were persons doing the calculating. 





ln A LETTER which came along with this manuscript, the 
authors gave the following explanation of their interest and 
investigations into the subject of refinery waste: 


“We have had occasion to design oil removal separators or 
estimate the capacity of existing separators in several instances 
...and it has been our experience that most of our clients who 
have had reason to study the recommendations published in the 
API manual, “Disposal of Refinery Wastes, Section 1, Waste 
Water Containing Oil,” have been confused by the manner of pres- 
entation of data. In more than one instance we have observed as 
many answers in calculating separator design capacities as there 


“As a result of this confusion, we’ have reviewed some of the 
original experimental work... and have prepared this paper in 
order to call attention to certain of these apparent discrepancies 
which exist in the API data in its present form.” 


Mr. Powell is a consulting chemical engineer, Professional 
Building, Baltimore 1, Maryland, and Mr. Knoedler, is senior field 
engineer on this staff. 


| 
| 
| 











rators, they do not apply as well in the case of small 
units designed to handle low flow rates. Nor do they 
appear to be as satisfactory in effecting separation of 
extremely heavy oils, which often are found to be 
exclusion of other types of oils when industries other 
than those in the petroleum field are considered. 
Because of these conditions, we are calling attention 
to certain adjustments in the design formulae which 
would be of assistance in designing oil separators 
for such applications. 


Size of Basins 


The API separator consists of two basins designed 
to effect gravity separation of oil from water with 
provision for removal of both separated oil and de- 
posited solids. All of the design factors are not sub- 
ject to mathematical interpretation, and some must 
be based on practical experience of operators. How- 
ever, the size of the basins required to effect proper 
separation of oil and water has been treated mathe- 
matically to develop design formulae for their calcu- 
lation. ; 

It has been found that a certain amount of con- 
fusion exists in the interpretation of the specified 
requirements of the API design data and our purpose 
here is to direct attention to these vagaries. 

The size of the primary basin generally is based 
upon design features which can be illustrated by two 
formulae. developed in the manual published by the 
Institute. One formula takes into account the rate 
of rise of an oil globule 0.02 to 0.06 cm. in diameter 
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and requires consideration ot the length and width of 
the separator basin. This is shown in the formula 
Q=75 Vi Bt Lp 

in which Q = waste flow in gallons per minute 

Bt= aggregate width of sedimentation basin or basins, 
in feet 

Lp= romneed length of primary sedimentation basin, in 
eet 

Vt=B Vm=rate of rise of oil globule in feet per 
minute, corrected for turbidity of waste water 

B=correction factor for turbidity 





Va= 0. : (Yw— Yo) = rate of rise of oil globule in 
feet per minute, uncorrected for turbidity 
in which Yw = specific gravity of water 
Yo= specific gravity of oil 
= absolute viscosity of water. 

It will be seen from these data that the allowable 
flow is dependent on the viscosity of the liquid me- 
dium, the relative specific gravities of the oil and 
water, turbidity, and the length and width of the 
basin. The length and width determine the surface 
area and, therefore, define the detention period or the 
time available for the oil globules to rise to the sur- 
face. For a given basin size changes in temperature 
will affect the viscosity and relative specific gravities 
in such manner that the time required for the oil to 
rise to the surface decreases with increasing tempera- 
ture. Thus, the surface area (either length or width) 
could be decreased at higher temperatures according 
to the variables in this formula. 

The second formula requires consideration of the 
Reynolds number which is limited to the range of 
10,000 to 20,000 and involves the width and depth of 
the separator basin. This is shown in the formula 


Q=75 X 60 vR (Bt+2ndp) 
in which Q = waste flow in gallons per minute 
v = kinematic viscosity of waste water in square feet 
per second 
Bt= aggregate width of sedimentation basin, or basins, 
in feet 
dp = effective depth of water in primary sedimentation 
basin, in feet 
n = number of basins 
R= rV 
v 
in which r= hydraulic radium 
V = velocity of flow, in feet per minute. 


The Reynolds number is a dimensionless value 
which is dependent on the velocity of liquid flow 
through the basin, the viscosity of the liquid, and the 
hydraulic radius or wetted perimeter of the basin. 
Thus, it is a measure of the degree of turbulence or 
friction and is affected by temperature changes. 





= Reynolds number 


Quantity of Fluid Flow 

It will be noted that the allowable quantity of fluid 
flow is dependent on the viscosity of the liquid me- 
dium, the velocity of the liquid flowing and the 
effective cross-sectional area of the basin, all of which 
enter into the Reynolds number. Because of mechani- 
cal reasons the individual basin width is limited to 20 
feet and the depth is set at 0.4 of this value. 

The depth and width determine the cross-sectional 
area of the basin and, therefore, the velocity of the 
flow. For a given basin size an increase in tempera- 
ture will affect the viscosity in such manner that a 
decrease in velocity is required to maintain a constant 
Reynolds number. Thus, the cross-section area (width 
or depth) would have to be increased to compensate 
for the change in viscosity with a higher temperature. 
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It may be seen from comparison of these two equa- 


‘ tions that whereas one permits a reduction ‘in width 


or length with increasing temperature, the other 
requires an increase in width or depth. Inasmuch as 
the depth is limited to 0.4 of the width of one basin, 
an increase in the over-all width of the basin must be 
made in this latter case. It follows, therefore, that 
only a reduction in length can be made in the case of 
the variables defined by the first equation. 

Calculations have been made using assumed dimen- 
sions for a separator in order to illustrate the varia- 
tion in data that may result if these two equations are 
used separately to estimate the separator capacity. It 
is evident from the curves plotted from these data on 
Figure 1 that the two formulae represent calculations 
of capacity from two different points of view, each 
fixing certain limitations that must be observed. One 
series of curves is concerned with the oil gravity and 
turbidity and the other with the value of Reynolds 
number. In designing an oil separator or in estimat- 
ing the maximum flow permissible, it is necessary to 
adopt whichever formula gives the lowest limiting 

ow value in order to meet all of the requirements 
specified by the American Petroleum Institute. 

It will be observed that three approximately paral- 
lel lines have been drawn on Figure 1 showing three 
different values of Reynolds number. Two of these 
represent 10,000 and 20,000, the minimum and maxi- 
mum values recommended by the API in designing a 
separator. It is specified that the actual Reynolds 
number calculated fall within this range. As herein 
shown the calculated values for the conditions as- 
sumed are within these ranges and are represented by 
the third line which is approximately midway be- 
tween the two limiting values, This is the Reynolds 
value which should be used in determining the design 
capacity of the separator. 

To illustrate the manner in which the curves on 
Figure 1 may be used, two sets of lines have been 
drawn; one a full line designated “A” representing 
the low-temperature conditions under which the sepa- 
rator must operate, and the other a dotted line desig- 
nated “B” representing the high-temperature condi- 
tions of operation. 

The data assumed were as follows and for the sake 
of simplicity the effect of turbidity which is to reduce 
the capacity of a given unit has been neglected: 


en OE OE Ng icking ns nssacngenseceants 30 
Temperature °F Minimum.................... 50 
Temperature °F Maximum................¢.. 100 


Selecting the lower temperature limit and following 
the (50° F.) full line vertically upward, two points are 
marked, one where the line crosses the curve repre- 
senting 30° API oil and one where it crosses a curve 
representing a Reynolds number of 15,000, the calcu- 
lated value recommended under the assumed condi- 
tions. If a line then is extended from these two points 
to the left, two values of flow may be read, 10,000 and 
14,000 gallons per minute. The lowest one should be 
selected as meeting the necessary conditions recom- 
mended by the American Petroleum Institute in its 
specifications for separator design. 

Selecting the high-temperature operating limit as- 
sumed and following the (100° F.) line vertically up- 
ward, again two values may be obtained: one where 
the dotted line crosses the line representing the calcu- 
lated Reynolds number of 18,000, and one where it 
crosses the estimated curve for 30° API oil. Con- 
tinuing these two points to the left, two flow values 
may be read, 8,700 and 20,600 gallons per minute. As 
in the former case the minimum flow must be selected 
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to meet the requirements of the API specifications. 

To illustrate the importance of selecting the low 
value of each of the two flow readings obtained at 
each temperature they will be accepted as read on the 
chart. Each will be calculated back to determine the 
size of the separator required using the method 
shown in the data sheets of Section I of the American 
Petroleum Institute specifications entitled “Waste 


The primary basin covered by the foregoing calcu- 
lations is intended to remove the major portion of 
the oil, and the secondary basin to complete the 
removal. To accomplish this the second unit in the 
series is constructed 40 percent longer than the pri- 
mary unit, but otherwise essentially the same in de- 
sign. The purpose of this added length is to effect 
removal of oil from any portion of the flow which 





CURVES SHOWING GAPACITY OF GRAVITY OIL SEPARATOR UNDER VARIOUS ASSUMED OPERATING CONDITIONS 
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Water Containing Oil,” appendix 2, sheet 6. 

If the capacities obtained from Figure 1 are calcu- 
lated as shown in API specifications, it will be found 
that under the two low-temperature conditions a 
basin 59 feet long would be required to give adequate 
time for the oil to rise to the surface. The width for 
the lowest flow condition must be only 58 feet and 
for the highest flow rate 80 feet. Thus, the lower 
capacity must be used if all of the specifications are to 
be met, because it is necessary to reduce the rate of 
flow of liquid through the separator in order to allow 
sufficient time for the oil to rise to the surface by the 
time it reaches the assumed length of 42 feet. Simi- 
larly, it will be found that the higher flow value for 
the high-temperature condition requires a separator 
190 feet in total (aggregate) width to prevent the 
Reynolds number from exceeding 18,000 whereas, the 
lower value requires a separator 80 feet in width. In 
both calculations at the high temperature it will be 
found that the separator length can be reduced to 
about 18 feet. ; 

Inasmuch as the separator assumed is 42.0 feet in 
length there is added length available under the high- 
temperature operating conditions. Presumably, more 
waste water could be discharged through the separa- 
tor without causing the oil to carry over in the 
effluent at the elevated temperature. However, any 
increase in flow above 8700 gallons per minute at 
100° F. will exceed the Reynolds number of 17,000. 
Although the Reynolds number is related to the fric- 
tion effect or turbulence of flow, it is not possible 
to estimate mathematically the added effect of this 
turbulence upon the rate of rise of an oil particle. As 
a result one cannot calculate exactly what added 
capacity, if any, is available in the separator due to 
the difference in the calculated length required of 18 
teet and the actual length of 42.0 feet. 
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may exceed the average rate of flow in the basin. 
Flow values as high as 35 percent above average have 
been recorded in local areas. The secondary unit has 
the.added advantage that much of the sediment which 
interferes with the rise of the oil particles has been 
removed in the primary basin. Thus, the secondary 
unit is more effective in its operation and will remove 
oil which passes through the primary installation. It 
does not, however, have capacity in excess of the pri- 
mary unit despite its longer length. 

It may be seen from the above discussion that 
should it be necessary to check the capacity of an 
existing separator or convince interested authorities 
regarding the capacity of a given separator, a com- 
pany is placed at an unnecessary disadvantage in not. 
having a straightforward method available for cal- 
culating the results desired. This condition may be 
corrected by adoption of the method proposed in later 
discussions on this paper. 

A further matter of interest which affects the man- 
agement that finds it necessary to install a separator 
is described in the following discussion. One of the 
prime factors economically, so far as the company is 
concerned, is to provide separators for as small a por- 
tion of the waste water as is justifiable and still afford 
adequate protection to the streams affected by the 
effluent discharged from the plant. Further, the 
nearer to the source that the oil is collected, the more 
value may be attached to the oil recovered since it 
has not yet become contaminated with other waste 
products and may thus be reused with a minimum of 
reprocessing. Therefore, it is often important to 
design a separator to remove the oil from relatively 
small streams of waste water. This is difficult to do if 
the specifications set forth by the American Petro- 
leum Institute are to be followed because it is stated 
on page 5 of the committee’s report that no separator 
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should be less than 7.5 feet wide nor more than 20 
feet wide. On the basis of this statement it is difficult 
to design a unit to incorporate the various desirable 
features of the API units if the flow is such that a 
‘unit less than 7.5 feet wide would be required if the 
method of calculation recommended on sheet 6 for 
large separators were followed. 

If the designer attempts to employ the specifica- 
tions recommended by the API in constructing a 
small unit, rather impractical separator proportions 
result. To illustrate these features examples are cited 
on Table 1 in which it was assumed that the minimum 
temperature was 55° F., maximum 105° F. and the 
oil gravity 21° API, and turbidity 150 ppm. 


TABLE 1 


Estimated Separator Dimensions Using the Method Recommended 
by the American Petroleum Institute 











Eee ee 1* 2° 3° 4 5 
Pigw pallens per minute...... 100 250 500 1000 2500 
depth separator, ft. . 0.44 1.10 2.20 4.40 5.50 

Calculated width separator, ft . 1,10 2.75 5.50 11.0 13.7 
Calculated length separator, ft. 79.0 79.0 79.0 79.0 79.0 
Number of separators... ... 1 1 1 1 2 
Velocity of flow through separ- 

ator in feet per minute... .. 27.7 11.1 5.6 2.77 1.11 




















* These three units are less than 7.5 feat — is specified as the minimum width of 
separator by the American Petroleum Institute 


An inspection of the results shown in the first 
column of Table 1 will serve to convince anyone that 
a practical engineer would disapprove of building a 
structure to remove oil by upward-gravity separation 
in which the unit was almost 80 feet long, 1 foot 
wide and .5 foot deep. Although this type of struc- 
ture may be satisfactory theoretically it would hardly 
fit into the normal arrangement of equipment in most 
plants. To the engineer familiar with water treatment, 
floc sedimentation and related phenomena, a velocity 
of approximately 30 feet per minute as indicated in 
this example would appear to be unusually high if 
effective separation of oil and water were required. It 
should be noted that the lower the flow the less con- 
vincing are the design features. To overcome these 
impractical features and still meet the requirements 
of the API which limit the minimum width to 7.5 
feet, a designer apparently must assume the width to 
be 7.5 feet, the depth to be 0.4 of this value and then 
empirically adjust the length so the separator volume 
would be equal to that of a separator if the size had 
-been calculated normally. If such a method is permis- 
sible, the designer would soon cease to rely on these 
specifications and design future equipment to meet 
the needs that seem evident from his own experience. 

Inasmuch as most separators in the petroleum in- 
dustry are much larger in size than 7.5 feet in width 
in order to handle the large water volumes normally 
required, this factor is not of particular importance in 
many phases of this field. However, in other indus- 
tries where different conditions are encountered it is 
increasingly necessary to turn to such small equip- 
ment and it seems pertinent to make adequate re- 
vision to these data at this time for the benefit of 
these new users of gravity oil separators. 

The authors have encountered such conditions in 
several instances and have been required to investi- 
gate the committee’s original data.’ It is evident from’ 
these data that one fundamental factor was not in- 
cluded in the specifications published by the API 
because it was not especially applicable for the type 
of treatment expected at that time. In the original 
data it was determined that the oil gravity should be 
related directly to the Reynolds number. Thus oils 
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having specific gravities nearly the same as the waste 
water require more nearly quiescent conditions (less 
turbulent flow) in order to achieve efficient separa- 
tion of the oil and water. 

This concept is readily understandable because as 
the gravity of the oil approaches that of water the 
difference in the forces tending to separate the two 
fluids decreases rapidly. These forces are extremely 
small even under ideal conditions and therefore, 
external factors should be controlled so they affect 
these forces as little as possible. Reduction of the 
Reynolds number results in more nearly streamline 
(viscous) flow and thus minimizes the effect of turbu- 
lence on the forces of gravity which separate the oil 
and water. In the early experimental work a direct 
relationship was established between the gravity of 
oil and the value of Reynolds number allowable if 
satisfactory separation of oil and water were to result 
during flow through a separator. Adoption of these 
data as part of the procedure to be followed in making 
calculations for separator capacities would be an 
effective step in improving gravity oil separator 
design. 

To illustrate the effect- of such a procedure the 
examples discussed previously have been recalcu- 
lated on this basis using the relationship which was 
established between oil gravity and Reynolds Num- 
ber. The recalculated data are presented on Table 2. 

TABLE 2 


Estimated Separator Dimensions Using the Method Relating Oil 
Gravity to Reynolds Number 








Example No............. = 1* 2° 


3 
Flow, gallons per minute....... 100 250 500 1000 
Calculated depth separator, ft. . 0.90 23 
Calculated width separator, ft. . 2.25 6 
Calculated length separator, ft. . 5 5 5 
6. 





45 
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Number of separators... ..... 


Velocity of flow through “om 
ator in feet per minute. . ; 
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7 2.68 33 1.33 .8 




















* These two units are less than 7.5 feet, which is specified as the minimum width of 

separator by the American Petroleum Institute. 

It is obvious that this method results in a shorter, 
wider separator which provides a slower flow rate 
and a more quiescent period of separation. The design 
except in the extremely small units provides more 
practical proportions and the increase in cost should 
not be appreciably greater, considering the benefits 
assured in more efficient removal of oil and more 
satisfactory arrangement of basis proportions. 

An additional advantage accruing’ by the use of 
this method is that the calculations are straight- 
forward and it is possible to obtain only one answer 
regarding the capacity of a separator for any given 
dimensions and set of operation conditions. Adoption 
of this procedure would avoid much of the confusion 
which has existed in the past and should result in a 
separator design which would be applicable to all 
industry rather than just the petroleum industry in 
which quantities of waste water are normally very 
large and the conditions quite specific to the industry. 

The foregoing discussion has been prepared in the 
hope that adequate action either along the lines dis- 
cussed or some similar procedure will advance the art 
of separator design and make it possible for all in- 
dustry to adopt an. API separator design which 
will insure predictable results in the separation of 
oily components from liquid wastes. 
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Mexico's Two New Refineries Models of 
Newest Insulation Methods 


H. R. MORRIS 
Materiales Aislantes, S. A., Monterrey, Mexico 


4 value of thermal insulation is becoming better 
recognized by those who design and operate petro- 
leum refineries as the processes become more highly 
specialized and higher temperatures are encountered. 
Temperature control is more and more a “must” as 
newer methods are introduced, calling for operations 
requiring maintenance of temperatures within nar- 
row limits. 

These facts have been taken into consideration by 
engineering firms specializing in refinery design and 
construction and their specifications for materials and 
method of application are becoming much more 
exacting. Arthur G. McKee & Company is one of the 
firms whose engineers write into their insulation 
specifications the most complete and exacting re- 
quirements, drawing upon years of experience in this 
line. 

A case in point are the two modern refineries for 
Petroleos Mexicanos. One of the refineries is located 
at Atzcapotzalco in the Federal District and consists 


¢ 


of a crude unit, thermal cracking unit, a Badger and 
Braun unit, isopentane and isobutane fractionation 
unit, isomerization and an alkylation unit, as well as 
power plant, storage tankage, etc. The other, at Poza 
Rica, Veracruz, in the coastal oil producing area con- 
sists of a gas-gathering system, primary topping and 
fractionation units. 

The insulation chosen for the lagging of all towers, 
heated vessels, heat exchangers, spherical tanks and 
other equipment was mineral wool felted between 
layers of metal fabrics. These blankets, made up in 
sizes 2x8 feet, were suspended from rings welded on 
to the towers at intervals of 12 feet. After being hung 
loosely in place in a vertical position the blankets 
were secured in place by 54-inch strapping, machine 
stretched and sealed on 8-inch centers, the exposed 
surface of the blanket insulation being of expanded 
metal lath. 

The mineral wool in the blankets was carefully 
felted and compressed so that .the tightening of the 





Section of Atzcapotzalco refinery, showing insulation and waterproofing finished and painted. 
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straps did not cause “valleys” to appear in the sur- 
face of the insulation. At each of the rings on the 
tower an expansion joint was provided, allowing for 
vertical expansion and contraction of the vessel. 
The mineral-wool-blanket insulation was chosen 
because of its low thermal conductivity coefficient 
and because, due to the resiliency of the felted ma- 
terial, expansion of the equipment can take place 
without cracking the finish coat, as would be the 
case with a more rigid or block type of insulation. 
After the blankets were in place two coats of min- 
eral wool insulating cement were applied by trowel 
and secured firmly in place with: 1-inch galvanized 
hex mesh stretched tautly over the entire surface. An 
unusually heavy weather seal was applied, consisting 
of two %-inch troweled coats of fibrated asphaltic 
emulsion. The contractor believes that if you “save 
the surface you save all” and insists upon this rugged 
and extra heavy duty weather proofing. This surface 
is given two coats of aluminum paint, presenting a 
smooth and very attractive appearance. 
























The piping insulation being applied at Poza Rica 
where the tropical climatic conditions are very severe 
is also of a mineral wool base. This rugged, heavy- 
duty type of lagging, made up in 2-foot lengths, with 
“keys” to fit the outer ciremference of the pipe also 
presents an expanded-metal lath surface on the ex- 
posed side and is given a smooth dressing of mineral 
wool insulating cement. Each joint of the metal-lath- 
clad piping insulation is laced firmly together at butt 
ends with fine galvanized soft-iron wire. The finished 
insulation is. given a dressing of 3-ply roofing felt 
secured in place by 14-gauge galvanized wire on 6- 
inch centers. 

All valves and other fittings to receive insulation 
were built up to the thickness of the adjacent pipe 
covering with mineral wool insulating cement and 
given two coats of fibrated asphaltic emulsion 
weather seal. 

In sections of the refineries having the greatest fire 
hazard, as in the vicinity of the heatters in the 
thermal-cracking unit, all piping was given a jacket 
of galvanized iron of 24 gauge. 


Mineral wool blankets 
and insulating cement in 
place and weatherproof- 
ing being applied to 
thermal cracking unit. 


Weatherproofing coat 

being troweled over the 

mineral wool insulating 
cement. 
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Engineer Training Methods 


CARROLL O. BUTTRILL, Chief Process Engineer, Technical Department 
Refining Division, Magnolia Petroleum Company, Beaumont, Texas 


\ ITHIN the petroleum industry, it is generally ac- 
cepted that chemical engineers will constitute the major- 
ity of personnel employed for technical advisory work in 
refinery operations. After he has been employed, how- 
ever, there is no such general agreement regarding the 
best industrial training and indoctrination program 
which should be used to quickly guide the young grad- 
uate engineer into high standards of technical perform- 
ance. In recent years, the industry has tried many 
schemes such as (a) initia] placement in unit operating 
positions for one to three years, (b) initial tenure of one 
to five years in testing and experimental laboratory work, 
(c) a supervised tour of study and observation which 
completes all refinery units in one to two years, (d) im- 
mediate placement in technical department process con- 
trol work, and (e) immediate placement in a technical 
department group charged with chemical engineering 
study and testing of refinery equipment for purposes of 
unit “bottle-neck” removal and yield improvement. 

Technical personnel requirements of the Magnolia Re- 
finery technical department primarily are centered 
around the three divisions known as process control, 
planning and development, and test control. For’: con- 
siderable time it has been found most desirable and sat- 
isfactory to conduct the training and indoctrination of 
new technical department engineers by immediate place- 
ment in responsible but supervised work positions in the 
test control division. Since it is the duty of the test con- 
trol division to conduct studies and tests of refinery 
equipment performance and recommend modifications 
or additions necessary for “bottle-neck” removal and 
yield improvement it can be readily visualized that the 
work results of this group are based on the supervised 
integration of many small chemical engineering prob- 
lem solutions similar to those studied by the undergrad- 
uate in the formal education period. Under such a sys- 
tem, it has been possible, through the supervision of di- 
vision chiefs, to immediately charge. new engineers with 
the solution of simple but very important chemical en- 
gineering problems. In fact, it is not unusual to have 
recommended equipment improvement changes pub- 
lished by engineers with less than three months indus- 
trial experience. 

The principal advantages which have been credited to 
this training and indoctrination program are as follows: 

a. Training is conducted simultaneously with actual 
work productivity for company benefit. 

b. Immediate indoctrination is obtained in engineer- 
ing work responsibilities and the procedures by which 
engineering problems are solved and proposed changes 
are actually put into operation. 

c. Diversified work throughout the refinery brings 
about early contact and acquaintance with refinery equip- 
ment and personnel. 

d. Requirements of equipment performance testing 
and evaluation necessitates thorough practical under- 
Standing of operating plans, practices, and difficulties, 
and develops a team-work relationship between the op- 
erating, mechanical, laboratory and technical personnel. 

e. Data and procedures of refinery oprations acquired 
during solution of basic chemical engineering problems 
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allows steady increase in knowledge of process control, 
planning, and economic problems and other techniques 
which are usually omitted or only slightly covered in 
student education. 

By use of work placement procedures ‘as discussed 
above, it has been found that the transition from theo- 
retical to actual practical chemical engineering problem 
solutions is relatively simple for all graduate chemical 
engineers. The very simplification of this problem, how- 
ever, only serves to emphasize the current and almost 
universal weakness of young engineers in the humanities 
and philosophy of work accomplishment. Good business 
organization principles, management-technical advisory 
relationship, and possessive interest are not fully under- 
stood. The art and responsibility for advising not asking 
what and how actions should be taken, and the absolute 
necessity for aggressive follow-up from solution to ac- 
tual installation and satisfactory operation is only 
vaguely understood. Very few young graduates under- 
stand that an engineer’s responsibilities have not been 
completed until he has conceived and recommended an 
economically desirable change, presented the recommen- 
dation in such a manner and with necessary concur- 
rences to insure management approval, followed the ac- 
tion between approval and actual installation to mini- 
mize unnecessary delays, checked operation of the change 
as installed to see that his predictions and the actual per- 
formance are within good engineering limits of accu- 
racy, and checked to insure that operating personnel un- 
derstand and can make the installation work. All these 
and other similar good business practices must be made 
a part of industrial indoctrination training program. 

Within the test control division, advice is given and 
thinking is stimulated with respect to these engineering 
responsibilities by use of written standing instructions 
and by placing a new engineer in a parallel and related 
work position with one or several young but more ex- 
perienced engineers all of whom are counseled and 
guided by a group leader. The written standing instruc- 
tions cover procedures and policies which should be 
clearly and jointly understood between the engineer and 
his supervisors. They are constantly reviewed by the su- 
pervisory personnel for required additions, deletions or 
modification. Issuance of such instructions in writing 
has almost eliminated misunderstandings although at 
best they can cover only general requirements and not 
the specific demands of each case. The placement of new 
engineers into a working group of more experienced 
men has been common practice for years and fills the 
same needs here. 

It is difficult to evaluate the time at which training 
and indoctrination of an individual are completed since 
these continue, to a greater or lesser degree, throughout 
the entire working life of an engineer. It has been Mag- 
nolia’s experience, however, that engineers who begin 
their industrial experience under conditions as discussed 
above will generally reach a satisfactory standard of 
technical performance much sooner than would other- 
wise be possible. 


[This article is reprinted from the “Condenser”—publication of 
the Texas-Louisiana Section, American Chemical Society.] 
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The Determination of 
Chlorinated Phenol Derivatives 


In Treated Cooling Waters 


C. E. HEADINGTON and W. A. SASSAMAN* 
The Atlantic Refining Company, Philadelphia 


A METHOD is herein described for the rapid and 
accurate determination of low concentrations of 
chlorinated phenol derivatives in water. It has been 
found satisfactory for control purposes, for example, 
in systems where water recirculated to condensers or 
heat exchangers has been treated with these mate- 
rials to prevent the formation and deposition of bio- 
logical slime which would seriously retard the desired 
rate of heat exchange. 

This method has been used extensively on two of 
these slime-growth-inhibiting materials—sodium pen- 
tachlorophenate, and a mixture of sodium chlorortho- 
phenylphenate and sodium tetrachlorophenate. Both 
may be analyzed much more rapidly and accurately 
by this method than was possible by either of two 
methods formerly proposed for this purpose. Of the 
two former methods, one based on a turbidity meas- 
urement after release of the free phenol was reported 
by the refinery laboratory to lack the desired accu- 
racy. The other, a colorimetric procedure, based on a 
reaction with 2.6 dibromoquinonechloroimid was re- 
ported by the refinery laboratory to have neither the 
desired speed nor accuracy. 

Utilizing the strong absorption of ultraviolet radia- 
tion exhibited by aromatic ring structures, these ma- 
terials can be determined with an average accuracy 
of + 2 parts per million in concentrations of from 
1 to 100 parts per million. With suitable modifications 
of sample size, etc., the method can easily be ex- 
tended to either higher or lower concentrations. 

The spectrophotometric approach to this problem 
has been indicated previously by Buswell and Dun- 
lop’ who used an ultraviolet absorption method to 
determine phenol in water in concentrations down 
to 1 part per million, and subsequently by Klotz’ who 
described a simple ultraviolet photometer and in- 
cluded a calibration curve for phenol. The method 
herein described uses commercially available equip- 
ment, gives a detailed operating procedure for analyz- 
ing chlorinated phenol derivatives, and includes cer- 
tain precautions which have been found necessary 
in order to obtain reliable results on this type of 
sample. 

Apparatus 


The apparatus used by the authors for this deter- 
mination is a quartz photoelectric spectrophotometer, 
a detailed description of which has been published by 
Cary and Beckman.’ 

The transmission measurements are made using 
quartz cells which should preferably be matched as 





* Present address: The Barrett Division, Allied Chemical and Dye 
Corp., Philadelphia, Pa. 
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to transmission characteristics and kept scrupulously 
clean. It is recommended that after they have been 
cleaned with the appropriate solvent the outside be 
wiped carefully with cleansing tissue or cotton wet 
with alcohol. 


Calibration of the Spectrophotometer 


Before an analysis can be made it is necessary to 
calibrate the instrument by measuring the transmis- 
sion of a few samples containing known concentra- 
tions of the material to be analyzed. This is done by 
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FIGURE 1 


Calibration Curve for Sodium Pentachlorophenate in 
Water at 320 Millimicrons. 


preparing a series of at least two water solutions con- 
taining known concentrations of the material, ex- 
tracting them according to the procedure outlined 
below, and determining their optical densities or per- 
cent transmissions at some fixed wave length and 
slit width. The calibrating solutions should, ob- 
viously, cover the range of concentrations in which 
analyses are to be made. 

The resulting optical densities then are plotted on 
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. linear coordinate paper against the corresponding 
concentration or, if preferred, the percent transmis- 


sions may be plotted on a logarithmic scale against 
the concentrations to give a working curve similar 
to that shown in Figure 1. In either case a straight 
line is obtained which is used in all subsequent 
analyses to convert the observed values to parts per 
million of the inhibitor. Due to unavoidable varia- 
tions between different instruments, a working curve 
should be obtained on each instrument used for the 
analysis. 

In order to maintain high sensitivity on the spec- 
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FIGURE 2 


Transmission Curve for 67.5 ppm of Sodium Pentachlorophenate 
Extracted in lsooctane. 





trophotometer all calibration data and subsequent 
analyses have been made using a slit width of 0.3 mm. 
for sodium pentachlorophenate and 0.44 mm. for the 
sodium chlororthophenylphenate-sodium tetarchloro- 
phenate mixture. The transmission curves, shown in 
Figures 2 and 3, were used to locate the wave length 
at which all subsequent measurements were made 
on these two materials. Because of the shape of 
the strong absorption maxima present in the region 
of 300 millimicrons, a wave length of 302 millimicrons 
was selected for the sodium pentachlorophenate an- 
alysis, and a value of 299 millimicrons was chosen for 
the analysis of sodium chlororthophenylphenate- 
sodium tetrachlorophenate. Before calibrations are 
made it is wise to check these absorption maxima on 
the instrument to be used in order to preclude the 
possibility of selecting a wave length on a sloping 
portion of the curve where a slight error in the wave- 
length setting might have a relatively large effect on 
the transmission. 

As indicated in Figures 2 and 3 these curves were 
determined’ on the material after acidification and 
extraction with isooctane by the method outlined 
below. The curves are therefore not those of the two 
slime-growth inhibitors but of the free phenol deriva- 
aha which have been hydrolyzed from the sodium 
Saits, 


Procedure 
Chlorinated phenol salts are appreciably hydro- 


lyzed in water solutions at a pH of below 8. The 
water insolubility of the resulting phenol indicates 
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the possibility of the phenol separating in such a 
fashion that the portion of the submitted sample 
taken for the analysis is not representative of the 
whole. 

For this reason the sample is shaken and a small 
portion tested with phenyl red indicator by mixing a 
few milliliters of it with an equal volume of indicator 
solution. 

If the mixture turns red the sample is sufficiently 
alkaline to preclude any hydrolysis. If it remains yel- 
low in color the original sample is treated with 
0.3 N NaOH solution until it gives a red color in the 
above test. 

The alkaline sample then is shaken thoroughly in 
order to redissolve any free phenol liberated by 
hydrolysis, and exactly 25 ml. of it are pipetted into 
a 100 ml. separatory funnel. One ml. of 1 to 1 H,SO, 
is added and this is followed by the addition of ex- 
actly 25 ml. of isooctane. After shaking for several 
minutes to extract the free phenol, the two layers are 
allowed to separate and the water layer discarded. 


The isooctane extract then is filtered through 
paper, to remove suspended water, with a watch- 
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FIGURE 3 


Transmission Curve for 67.5 ppm of a Mixture of Sodium Chlorortho- 
phenylphenate and Sodium Tetrachlorophenate Extracted in Isooctane. 





glass over the top of the funnel to keep evaporation 
at a minimum, and its ultraviolet transmission or 
optical density measured in the spectrophotometer, 
using pure isooctane in the blank cell. The resulting 
value then is resolved by means of the calibration 
curve similar to the one shown in Figure 1. 


Discussion 


With careful manipulation errors in the analysis 
can be kept to + 1 part per million by weight of 


‘chlorinated phenols, provided the material sought in 


the sample is chemically identical to the material 
used for the calibration. No difficulty has been en- 
countered with sodium. pentachlorophenate in this 
connection but errors in the analysis of sodium 
chlororthophenylphenate-sodium tetrachlorophenate 
have been somewhat greater (+ 3 ppm) since it is a 
mixture of chlorinated phenols whose composition 
might vary from one lot to another. 

Obviously the presence in the water of unknown 
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amounts of. any hydrocarbon-soluble compounds 
which absorb strongly in this region of the ultravio- 
let will lead to errors in the analysis. 

Attempts to determine the ultraviolet absorption 
directly on the water solution were unsuccessful 
because of the absorption caused by variable amounts 
of suspended solids in the water. Transmission values 
of as low as 81 percent were obtained, for instance, 
on a carefully paper-filtered sample of river water, 
whereas isooctane extraction of this water gave a 
100-percent transmission reading. 

Typical anaylses on known concentrations of both 
materials discussed above are shown in Tables 1 
and 2. 


TABLE 1 
Accuracy of Sodium Pentachlorophenate Determination 








| Percent | 

Trans- Found | Present Error 
SAMPLE | mission | (ppm) | (ppm) (ppm) 
A 15.6 | 103 102 1 
B | 24.8 78 | 77 l 
Ee 39.4 | 52 51 | I 
i Jf 61.8 | 25 | 25 | 0 
E 81.3 ll 10 | l 
F aa . 23.0 | 81 81 | 0 
RS 478 | 41) | 41 0 
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Atmospheric cooling tower at a large western cycling plant. 


TABLE 2 


Accuracy of Determination with Mixture of Sodium 
Chlororthophenylphenate and Sodium Tetrachlorophenate 





























Percent ' 

Trans- Found Present Error 
SAMPLE mission (ppm) (ppm) (ppm) 
Bt ond aia} ae Ae thee ek 32.5 106 108 —2 
B 46.6 72 75 —3 
Cc 61.6 46 50 -—4 
eee ie oe ee 69.9 34 34 0 
E 78.7 22 25 —3 
Mackoai bs cbbaants 46gteebieee 82.8 19 19 0 
G 89.6 ll Gg 2 
H 90.9 yg 6 3 

Conclusion 


A method is given for determining the sodium salts 
of chlorinated phenols in water. By this method the 
sample is first made alkaline to redissolve any free 
phenol liberated by hydrolysis and then acidified and 
extracted with isooctane. The absorption of ultra- 
violet light at a selected wave length is used to deter- 
mine the phenol derivative in the isooctane extract. 
Concentrations above or below 1 part per million 
may be accurately determined. 
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APPENDIX: MISCELLANEOUS FRACTIONATING TECHNIQUES 





Study of Alkylation-Plant Isobutane 


Tower Performance 


J. J. CICALESE 
The M. W. Kellogg Company, New York 


J. A. DAVIS 
The Texas Company, New York 


P. J. HARRINGTON 
Standard Oil Development Company, Elizabeth, N. J. 


G. S. HOUGHLAND 
The M. W. Kellogg Company, New York 


A. J. L. HUTCHINSON* 
The Fluor Corporation, Alhambra, California 


T. J. WALSH 
The Standard Oil Company (Ohio), Cleveland, Ohio 


ae of two detailed tests on the isobutane tower in 
the No. 1 alkylation plant of Standard Oil Company of New 
Jersey (Louisiana Division) at Baton Rouge are presented: 
the first with severe plate flooding, the second at just below 
flooding with modified plates. These tests include plate anal- 
yses, differential pressures every fifth plate, and measurement 
of liquid height in the downcomer in the 10-foot 50-plate 
tower. Between the first and second tests, plate and cap 
changes were made to increase the liquid-handling capacity of 
the tower. The principal test results were: 














Flooded Normal 
En on we dauaels ‘ 1 
Feed rate, barrels per day............ 9,110 11,500 
Overhead product rate, barrels per day... 5,770 6,570 
Total overhead a rate, barrels per day . 26,000 27,400 
Hot-liquid load below feed, barrels per day 32,200 36,200 
Actual reflux ratio............... 3.4 3.1 
Overall plate efficiency, percent... .. . 3 75 140 
Ratio isobutane to normal butane in feed. . . 2.2 1.3 
Isobutane in total C4 in overhead product. 86.7 80.8 
Twbutane in total C4 in bottoms product. . . 0.2 

















* Less than 0.5 percent. 


Subsequent to test No. 1, and before making the plate and 
cap changes, it was found that the maximum hot-liquid load 
that could be handled in the bottom of the tower without 
flooding was about 24,000 barrels per day. Accordingly, test 
No. 2 shows a 50 percent increase in liquid-handling capacity 
in the bottom of the tower. 

Efforts to increase tower capacity are continuing. 


a. Scope of Report 


The continued urgent need for increasingly larger 100- 
octane-number gasoline production makes tower operating in 
existing alkylation plants especially important. This report 
Presents a study of the data from two detailed isobutane tower 
tests at the Baton Rouge refinery of Standard Oil Company of 

ew Jersey (Louisiana Division): the first run September 30, 
1940, with the tower flooded, and the second, October 16, 
1942, run at near the tower flooding point after modifications 
had been made to the plates to increase their capacity. 


*Now with Fish Engineering Corporation, Houston, Texas. 
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F RACTIONATION of hydrocarbon mixtures in standard bubble- 
cap plate towers was discussed in “Miscellaneous Fractionating 
Techniques” which appeared in the April Petroleum Refiner, 
starting at page 141 (431). The above included a brief theoretical 
discussion followed by section on operating procedure, instru- 
mentation, changes outside towers, and changes inside towers, to 
familiarize operators with certain techniques used by the authors 
to improve the performance of fractionators. 

An engineering investigation of a specific tower, covering the 
development of improved performance, now is presented as an 
illustration of the application of parts of the text presented in 
April. The authors collaborated during the recent war to prepare 
the paper so that units of the industry might better be able to 
maximize war-products outputs. 

The paper was presented to a Group Session of the Division of 
Refining on Gasoline before the Twenty-sixth Annual Meeting of 





the American Petroleum Institute, Chicago, November 12, 1946. 








EE 


b. Description of Tower 

The isobutane tower in the No. 1 Baton Rouge alkylation 
plant is designed to deisobutanize completely preheated total 
reactor effluent. It produces overhead an tsobutane-rich stream 
which is totally condensed, a portion returning to the tower 
as pump-back reflux. Heat is supplied to the bottom of the 
tower by a low-pressure-steam kettle-type reboiler. (Figure 
18 shows control instrumentation. ) 

The 10- x 135-foot tower is equipped with 50 trays spaced at 
intervals of 2 feet 3 inches. Every fifth tray space, commenc- 
ing with that between trays 5 and 6, is 3 feet 2 inches. 
Throughout this report, tray numbers are designated as the 
number of plates from the tower bottom. 

Between tests No. 1 and No. 2, the following mechanical 
changes were made to increase the liquid-handling capacity 
of the tower (see Figure 17 for cap and plate details). 

1. All holddown bars were removed from the bubble caps; 
individual holddown bolts and “strong backs” were sub- 
stituted. 

2. Out of 136 original caps 21 were removed. Their chimneys 
were blanked on the liquid outlet side of each plate, in 
order to obtain less crossflow of vapors. 

Slightly modified bubble caps also were installed throughout 

the tower at the same time. 


Description of Tests 


For both tests, essentially constant conditions were main- 
tained for at least a 48-hour period prior to recording repre- 


‘sentative quantity, temperature, and pressure measurements 


over a 4- to 6-hour period. Immediately before the data were 
recorded, all flow meters were checked and balanced. The 
thermometers which were used for measurement of water 
temperature around the overhead condensers were calibrated 
against each other. 

During the tests, liquid samples were taken from every. fifth 
tray in the tower in addition to the usual feed, overhead, and 
bottoms samples. Following the first test, manometers had, 
been connected across spans of five trays each in order to 
measure the plate pressure drop. At the 6th and 46th trays, 
gauge glasses had been tied into the downcomers and the 
vapor spaces of the trays above in order to measure the liquid 
level in the downcomers. 

During the tests, both spot and compositeysampling tech- 
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TABLE 1 
Summary of Operating Conditions with Flooded Tower (Test 1) 
Barrels 
FLOW RATES Per Day Per Hour 
ss ccc eveced as 9,100 1,200 
Overhead product...... 5,770 820 
Bottom product.. 3,340 400 
Pump-back reflux (heat blaance) 18,960 2,700 
Pounds 
Per Hour 
Steam to preheater 3,480 
Steam to rebolier 29,450 
Temperatures | oF. | Pressures [rs PSIG 
i 
Vapor line.... 128 Tower top 
Overhead product and reflux 90 Tower bottom | 102 
Feed from preheater 149 | Differential pressure 
Bottoms to reboiler 166 | Feed from preheater 120 
Bottoms from reboiler | 199 | 
| 
Analysis— Mole Percent—Componet | Feed | Overhead Bottoms 
Isobutane 58.4 86.7 8 
nButane 26.1 13.3 | 52.6 
Pentane.. 3.5 0 10.8 
Total alkylate 12.0 0 | 36.6 
| _ —_ _ ee = } — 
Total | 100.0 | 100.0 | 100.0 
Reflux Ratio: | 
Above feed (moles internal reflux per moles overhead product) | 3.4» 
Below feed (moles total vapor per moles bottom product) F } 9.5 
Feed vaporization in preheater, mole percent (by heat balance) 0 
Maximum hot liquid below feed, fenta per day 32,200 
Total overhead vapor rate, barrels per day | 26,000 
| isobutane to norma! butane in feed, J; | 2.24 
Overalls relative volatility. . 1.29 
late efficiency, percent, Robinson and Gilliland method.. 75¢ 
Overall plate efficiency, percent, simplified method......... ics 81%,¢ 
Actual feed plate. . No. 35 
Optimum feed plate, for flooded operation, Robinson and Gilliland method No. 25 
Optimum feed plate, for normal operation, Robinson and Gilliland method No. 404 
Optimum feed plate, for normal operation, simplified method. . | No. 41 








*Sample showed less than 0.5 percent isobutane; for material-balance purposes, per- 
centage was taken as zero. 

® Minimum reflux above feed calculsted to be 2.45. 

* From seventh plate to top of tower. 

4 Approximate optimum feed point calculated at total reflux = No. 41. 


niques were employed. No material difference in accuracy was 
observed between the two methods, but it is believed that spot 
samples are preferable if they can all be taken practically 
simultaneously. The first test was run before automatic Pod- 
bielniak columns were available, and the analyses were made 
on a laboratory column equipped with the equivalent of 40 or 
50 plates and run at 15:1 reflux ratio. Analyses for the second 
test were run at half the normal rate on an automatic Podbiel- 
niak column. When isobutane was present in less than 15 per- 
cent concentration, the sample was topped and rerun in the 
Podbielniak column in such a manner that the isobutane was at 
least 30 percent of the overhead from the topped sample. 


Results and Discussion 


a. Plate Efficiency in Flooded Tower Test 

A summary of the operating conditions for test No. 1 has 
been made in Table 1. More complete information is available 
in Table 3. The tower was operating at 88 psig, feeding 9,110 
barrels per day containing 58.4 mole percent tsobutane in 
2.24:1 ratio to normal butane, and taking overhead 5,770 bar- 
rels per day of 86.7 mole percent isobutane with a 3. 4:1 reflux 
ratio. In test No. 1 it was found by heat balance on the con- 
denser that considerable liquid was being carried over from 
the top of the tower into the overhead vapor line. Further 
evidence of the flooded condition of the tower is the high 
tower pressure drop of 14 psi. 

Plate-to-plate calculations were made using the “alpha” 
method described by Robinson and Gilliland.* The theoretical 
fractionation curve, accepting the overhead and adjusted bot- 
toms analyses, has been plotted in Figure 15. The analyses 
from. the bottom and second plate in the column both indi- 
cated less than 0.5 percent isobutane; however, it is not be- 
lieved that the method of analysis used for the satnples from 
this test was sufficiently accurate to detect small amounts of 
isobutane. Therefore, for the purpose of plate-efficiency cal- 
culations, a loss of 0.3 mole-percent was arrived at by trial 
and error, i. ¢., a loss was assumed so that the plate efficiency 
between the bottom and the 7th plate was the same order of 


* CO. S&S. Robinson and BH. R. Gilliland, Elements of Fractional Distilla- 
tion (3rd edition). 
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magnitude as that obtained between the 7th and 12th plates. 
However, this first six-plate section of tower was neglected 
in calculating the overall efficiency, overall efficiency being 
reported for the 7th to 50th plates. 

The overall plate efficiencies calculated from the theoretical 
curve and the liquid plate samples are extremely low in the 
top section (plates 32 to 50) of the tower, averaging 31.5 per- 
cent, but increasing below the feed plate to as high as 162 
percent. (It is possible for the overall efficiency to be substan- 
tially greater than 100 percent because of the crossflow of 
liquid across the plate which makes possible more than the 
equivalent of one equilibrium contact per plate.) The ex- 
tremely low efficiency in the top section of the column, al- 
though affected to some degree by the misplaced feed plate, is 
a further indication of severe flooding. However, it is apparent 
that the flooding decreased below the feed, as high efficiencies 
were obtained near the bottom of the tower. The average 
efficiency for the bottom of the tower (plates 7 to 32) is 108 
percent, whereas the average efficiency for the whole tower 
(plates 7 to 50) is 75 percent. Although, offhand, the overall 
efficiency is not unreasonably low, the tower was being se- 
verely penalized by the flooding, as indicated by the high effi- 
ciency obtained near the bottem during this test and over the 
whole tower in subsequent tests with normal plate operation. 

The overall plate efficiency between plates 7 and 50 was 
also calculated by the simplified method included at the end 
of this report. As shown in Table 1, the 8l-percent value by 
the simplified method checked well with the 75 percent ob- 
tained by the more rigorous method. 

There are a number of indications pointing toward the 
liquid capacity of the plates limiting the throughput of the 
tower, the most important of which is the fact that the flood- 
ing always starts at the feed plate. If vapor velocity were lim- 
iting, the flooding would start near the top of the tower where 
the vapor load is at a maximum. The fact that flooding starts 
at the feed plate and that it is largely confined to the top 
section of the tower has been confirmed by differential-pres- 
sure measurements, gauge glasses in the downcomers in the 
top and bottom sections and, finally, by the comparison of the 
plate efficiency in the stripping and enriching sections. 

At the time test No. 1 was obtained, it was not known that 
the tower was flooded and, on the basis of the analyses, it 






























































TABLE 2 a 
Summary of Normal Operating Conditions ( Test No, 2) 
Barrels Moles 
FLOW RATES Per Day Per Hour 
aa 11,500 1,551 
Overhead product... 6,570 941 
Bottom product... 4,930 610 
Pump-back reflux 18,170 2,610 
Pounds 
Per Hour 
Steam to preheater 5,030 
Steam to reboiler 32,030 
Temperatures K Pressures PSIG 
WRG. icc iccchesecects 128 Tower top...... A MLSS 91 
Overhead product and reflux... 101 Tower bottom. ........... 99 
Feed from preheater......... 150 Differential pressure. ....... 5.58 
Bottoms to reboiler......... 166 Feed from preheater........ 104 
Bottoms from reboiler........ 203 
Analysis—Mole Perceat—Components Feed Overhead Bottoms 
AE ks Sich cua Cabbubstaee 1.4 2.3 0 
SSS neh dc wih. < 005 v0 cep dc 400Re 48.0 79.0 0.1 
I 6. dk ni wodea its vars sceceureuss® . 36.1 18.7 63.0 
Pentane........ 3.4 0 8.6 
Total alky late 11.1 0 28.3 
yA ET RE ye eee 100.0 100.0 100.0 
Reflux Ratio: 
Above feed (moles internal reflux per moles overhead product) . 3.1» 
Below feed (mcles total vapor per moles bottom product)............... 6.4 
Feed vaporization in fra fe mole percent (by heat balance). 7.6 
Maximum hot liquid below feed, barrels per day....................... 36,300 
Vapor velocity above EE, cinco s sccadetcs 95 
— isobutane to ate oma! i sinids sy cdg danatres anes 1.33 
Overall pie relative volatility. . sie Sabin 1.29 
te efficiency, percent, ‘Robinson and Gilliland method........... 140 
Overall poo efficiency, percent, simplified method ites 7 160 
pS Sthntlns | LS bi RS A Ey Preeane No. 30 
Optimum feed plate, Robinson and Gilliland method..................... No. 40° 
Optimum feed plate, simplified method.........2.. 2.2... 6.6.66. c cee aee No. 43 








* By differential manometer. | » Minimum reflux above feed calculated to be 2.96. 
¢ Approximate optimum feed point, calculated at total reflux=No. 43. 
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FIGURE 16 
Test 2: Composition of Components vs. Theoretical Plate Number—Overall Plate Efficiency 
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FIGURE 17 
Tray Details—Isobutane Tower 


was recommended that the feed plate be moved down to the 
25th tray. The correct feed location would be about No. 40 
for this particular quantity and composition of feed, overhead, 
and bottoms if the tower had been running normally. 

Subsequent work showed that the tower, with no changes 
in plate or cap design, would operate without flooding at a 
feed rate of 8,570 barrels per day while taking overhead 4,810 
barrels per day at 2.75:1 reflux ratio. About 24,000 barrels 
per day of hot liquid could be handled in the bottom of the 
tower without flooding. 

As outlined in the section “description of tower,” herein- 
before, [b(2)] modifications were then made to the plates in 
order to increase the liquid capacity of the tower. The plate 
capacity was found to be about 36,000 barrels per day of hot 
liquid after the changes, an increase of 50 percent. 


b. Plate Efficiency in Normal Operation Test 


The operating conditions for test No. 2 are summarized in 
Table 2. More complete information is available in Table 3. 
The tower was operating at 91 psig, with 11,500 barrels per 
day of feed containing 48.0 mole-percent isobutane in 1.33:1 
ratio with normal butane. The 6,570 barrels per day of over- 
head product was enriched to 79.0 mole-percent isobutane 
while employing a 3:1 reflux ratio. This test was cafried out 
at just below the tower capacity, as a small increase in reflux 
rate gave rise to a sharp increase in pressure drop, indicating 
that plate flooding was taking place. ht is, therefore, concluded 
that under the present mode of operation the tower capacity 
is limited to about 36,000 barrels per day of hot liquid in the 
bottom section of the tower. Work is being continued .to 
obtain further improvement in liquid- and vapor-flow rela- 
tions, thereby increasing the tower capacity even more. 

Theoretical plate-to-plate calculations were made by the 
Robinson and | liland method in a manner similar to those 
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for test No. 1; and the plot of the theoretical separation, to- 
gether with the overall and breakdown of plate efficiencies, is 
shown in Figure 16. The calculated overall efficiency is 140 
percent which, on first consideration, appears high, but is 
supported by plate analyses at five-plate intervals which are 
virtually independent of terminal conditions. The overall plate 
efficiency by the shorter method referred to under (a) here- 
inbefore was calculated to be 160 percent. 


c. Optimum Feed-Plate Location 


Included in Tables 1 and 2 is an estimation of the optimum 
feed plate for each of the separations. In both cases the feed 
plate was too low, and somewhat higher overall plate effi- 
ciencies would be obtained if the feed had been introduced 
at the proper point. However, for the range of conditions re- 
ported, there is only a small variation jn the optimum feed 
location, which would in no way explain the large observed 
variation in overall plate efficiency. 


d. Material and Heat Balances 


The original material balances for tests No. 1 and 2 failed 
to close by 4.8 and 0.4 percent volume, respectively. (In test 
No. 1 a partly plugged. gauge glass on the reflux accumulator 
is believed to have caused most of the deviation, and correc- 
tions were made on this basis.) A comparison of the original 
and corrected component balances is given in Table 3, show- 
ing that the deviation of the original and final analyses is not 
great. 

The overall heat balance in the case of test No. 1 failed to 
close by 1,500,000 Btu per hour. The difference in condenser- 
water temperature was only 13° F., so that an error of £0.25 
F. (the inlet temperature was measured by thermocouple and 
the outlet by thermometer) would account for 1,000,000 Btu 
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per nour, the balance of 500,000 Btu per hour being a reason- 
able heat loss. 

The heat balance for test No. 2 indicated a heat loss of 
590,000 Btu per hour, equivalent to an overall heat-transfer 
rate from the tower surface of 2.2 Btu per hour per square 
foot per, degree Fahrenheit, which is a reasonable heat- 


Minimum Steps 


General equation: 


Bai esis ~ 7 eae 























transfer rate. log a 
a Substituting : 
Sample Calculation of Overall Isobutane Tower Plate log 0.856 0.992 
vet Efficiency by Simplified Method — 0.144 . 0.008 
Data: is log 1.289 
Vapor leaving top late, °F... ....ccceccsccccccsseces 122 ce 
Bottomte 60 eeboiier, °F oick os cdcccdc cccccdsvosesse 168 Su = 26.0 plates 
Isobutane in C, in overhead product, mole percent.... 85.6 
Isobutane in C, in bottoms product, mole precent.... 0.8 Minimum Reflux 
Ratio of isobutane to other Cs, in feed, moles per General equations: 
SAGE oo o-cead cad bed be RUN Aen as Bes WEbin be ewes 2.26 
Actual number of plates in tower.............++++- 50 0/Du+1 = ( nt) ‘Ga —xu») 
Actual reflux ratio (overflow per overhead product), a—1 Ir : 
a Re er ey ae ee 2.62 Substituting : 
Presets GR. SOWES, DO. oo cccncvscescdsebssssacoves 93 _ { (1.289-2.26) +1 0.856 
Let: O/Dett = ( 1.289—1 ( 2.26 —0.144) 
Xip = mole fraction of light-key component distillate. 0/Du+1 = 3.17 
Xup = mole fraction of heavy-key component in distillate. O/Du = 2.17 
Xtw = mole fraction of light-key component in bottoms. ae 
Xaw = mole fraction of heavy-key component in bottoms. From general equations: 
mer Ir = ratio of moles of light-key to heavy-key component F(0/D) = (0/D—0O/Dus) F 
xs in feed. = “"(0/D+1) 
— a= average relative volatility of light- to heavy-key Substituting : 
TING component. 
Sa = actual number of plates in tower. F(0/D) = eri 


Su = minimum. number of plates at infinite reflux. 
S = theoretical number of plates for separation. 
(O/D)« = minimum top reflux ratio with infinite plates. 


F(0/D) = 0.124 
Theoretical Number of Plates 


















































(O/D) = actual top reflux ratio. 
‘(S) = (S—S«) Using F(O/D) in Fig. 19 the equivalent value of f(S) is 0.511. 
(S+1_ A 
(O/D +1) oe 
The following simplifying assumptions were made for the 
isobutane-tower calculations: 
CONDENSERS ~~#0. 
; l. It is essentially a two-component separation, and calcula- =~ 
1 tions are made on the basis of a binary separation. All mole wernney 
) fractions are, therefore, expressed as mole fraction of total [al ae: 
: C. in the stream. eS 
Jihad 
2. For the data considered, the feed entered essentially at nals ts 
the boiling point with little or no vaporization. The calcula- p--- 94. - 2 
tions are, therefore, based on all-liquid feed. : pot TEs: 
—— LJ} te 4 4 
AG | Sar docs 
: Average Relative Volatility i ae oa> ee 
pn emo Tac 
: The average relative volatility is defined as; £ paoline 9 « —— 
‘ aaeee ail 
| @ = (ar‘au'as)} y, te. jrmenearen 
Where: ek. 
Tempera- Bae  eziey 
ture a ps ie a # 
rere? | | rot eta 
ar = relative volatility at top MW PRR 
temperature = 122 1.328 . akibies 
as = relative volatility of bot- em ede 
tom temperature = 168 1.251 po See 
au = relative volatility at av- 
erage of top and bot- ws ¢ 
tom temperatures = 145 1.289 = 
Substituting: roy 
a = (1.328-1.289-1.251)4 FIGURE 18 


a=1289 8» " Tests 1 and 2: Isobutane Tower Controls 
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Rearranging the general equation: 
_ (S—Sx) 
‘undindie: <a 
s- S.u+f(S) 
ae ~ 1—£(8) 
Substituting : 
wad 26.0+-0.511 
™ 1—0.511 
S = 54.2 = theoretical steps 
Overall Plate Efficiency: 


ae ieee 
a. oe 


-100 = 108 per cent. 
Optimum Feed Location 


The optimum feed plate may be located approximately by 
assuming that the ratio of plates above the feed to those 
below the feed is the same for actual plates at finite reflux as 
for theoretical plates at total reflux. 


Using the same terminology as in the previous section: 
Relative Volatility: 


Above feed—a = (ar-axu)? 
a = (1.328-1.289)? 
a = 1.308 

Below feed—a = (ax-as)* 
a = (1.289-1.251)? 
a = 1.270 


Steps above Feed: 


oe (a5) 








a= log a cabo feed) 
lo ( 0.856 
_ 8) 0.144-2.26 
7 log 1.308 
S = 3.6 


Steps below Feed: 


log I (= Xnw 
SsS-= . 
log a (below feed) 


log 2.26- 2-992 








0.008 
log 1.270 


S —-23.6 
Feed-Plate Location: 


23.6 
23.64+3.6 





-50 = No. 43 plate 


Tray Dynamic Calculations 
In addition to the more common tower calculations, the 
group has found it advisable to make an investigation of 
various pressure drops through the caps and of the liquid 
gradient across the trays. The study of these figures was made 
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FIGURE 19 
Fractionating Tower Study—¢@S vs. F(O/D) 
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in order to determine why the tower was flooding in test No. 
1 and not flooding in test No. 2. In general, this type of study 
will show whether the priming is due to excessive liquid load, 
vapor load, or poor liquid and vapor distribution. 

The first step in this study is the calculation of the pressure 
drop across a tray, neglecting liquid gradient and assuming 
jdeal liquid and vapor distribution. This will be the sum of 
the various pressure heads which the vapor must overcome in 
flowing from one tray to the next. 

Using the nomenclature appearing on the calculation sheet 
in the example and referring to Figure 20, these will be: 






A. The height of liquid over the overflow weir; for a straight 
rectangular weir: 


m= [poet] 


h, = head of hot liquid, inches. 
Q = hot liquid, gallons per minute. 
ly = effective length of the weir, inches. 


Where: 


B. The “normal liquid height,” i.e., the height of the 
weir minus the height of the top of the cap slots 
(sometimes called “no flow slot seal” or “static 
submergence”), inches of hot liquid = hs. 


rf C. The pressure drop through the caps, h-., is equal to the 
e following: 


(a) The pressure drop through the risers. If the 
reversal area, i.e., the circumference Of mean 
diameter of the top of the chimney multiplied 
by the difference between the top of the riser 
and the undersurface of the cap, is greater 
than the riser area: 


hy = 0.00178 dy [ Vee | ese 


Where: 


h, = uptake pressure drop, inches of water. 

d. = inside diameter of the riser, inches. 

po = density of the vapors, pounds per cubic foot. 
V = volume of vapors, cubic feet per second. 

A. = inside area of the risers, square feet per tray. 





Relative Volatilities 
































Isobutane Relative Isopentane Relative 
Pressure to nButane to nPentane 

(Atmospheres, | Temperature Volatility Temperature Volatility 

(PSI, Gage) Absolute) (°F.) (a) (°F.) (a) 

0 1.0 ; 82 1.30 

90 1.29 

> 97 1.29 

50 44 92 1.36 175 1.22 

104 1.34 183 1.22 

116 1.33 191 1.21 

75 6.1 115 1.33 201 1.20 

127 1.32 209 1.20 

138 1.30 217 1.19 

100 7.3 128 1.30 215 1.18 

. 140 1.29 223 1.18 

151 1.27 231 1.17 

125 9.5 149 1.27 238 1.16 

160 1.26 246 1.16 

171 1.24 253 1.15 

150 11.2 163 1.24 253 1.14 

174 1.23 261 1.14 

185 1.21 269 1.13 




















Note:—The foregoing relative volatility values are presented in an effort to standardize 

¢ basis for comparing tower data from various companies. For comparative purposes, 

uniform volatility values are essential to the correlations of true performance. It is not in- 

tended that the above values should necessarily be considered the best for evaluating the 
performance of a given tower. ° 
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If the reversal area is less than the riser area: 


’ A Vv 2.1 
hu’ = 0. 5 Fann § ‘otohion 
u’ = 0.00158 d a af Vee Ke 
Where: 


A, = reversal area, square feet per tray. 
h,’ = uptake pressure drop, inches of water. 


(b) The reversal pressure drop: 


- 
h, = 0.0109 [ te + jAS ] 8 


Where: 


h, = reversal pressure drop, inches of water. 
A. = inside cross-sectional area of the caps, square 
feet per tray. 
Aw = smaller area of either: 
(1) the annular space around the riser inside 
the cap. 
(2) the reversal area, square feet per tray. 


(c) The pressure drop through the dry slots: 
i : V 4173 
h, = 0.00261 [ Veo de x | 


Where: 


h, = slot pressure drop for a dry tray, inches of 
water. ; 

d. = inside diameter of cap, inches. 

A, = open area of slots, square feet per tray. 

hp = hu+h,-+hy. 

hp = pressure drop through caps with a dry tray, 
inches of water. 


(d) Correct hp for liquid on the tray from Fig. 21, 


where je is plotted vs.: 
V [po (A. \ 
A, V PL A, 
Where: 


pu = density of the hot liquid, pounds per cubic foot. 
A, = area of annular.space between riser and cap 
at top of slots, square feet per tray. 





Now: 
Hp 
hp 
he 


h, = 





Note: In some cases, the pressure drop, Ae, as computed above, * 
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FIGURE 20 
IMustration of Terms in Tray—Dynamic Equations 
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Material Balances 








ORIGINAL 
































































































































































































= POUNDS HOURLY WEIGHT PERCENT se: 
Alky- Alky- "4 
Cs i-C4 n-C4 Cs late Total Cs i-C4 n-C4 Cs late Total i 
TEST 1 
i 0 37,100 | 21,330 | 3,160 18,160 | 79,750 0 46 26.8 4.0 22.8 100.0 
Overhead product 0 44,740 y 0 0 | 51,600 0 86.7 13.3 0 0 100.0 
| 3 0 . 12,180 | 3,100 16,670 | 31,950 0 - 38.1 9.7 §2.2 100.0 
Feed... 340 44,750 | 31,480 | 3,760 19,680 | 100,010 0.3 44.7 31.5 3.8 19.7 100.0 
Overhead product 1040 42,160 | 11,290 0 0 | 54,490 1.9 77.4 20.7 0 0 100.0 
Bottoms product 0 40 | 22,370 | 3,770 19,750 | 45,930 0 0.1 48.7 8.2 43.0 100.0 
CORRECTED 
POU NDS Hi HOURLY WEIGHT PERCENT ~s 
“Allky- Alky- 
Cs 1-C4 n-C,4 Cs late Total C3 i-Cs n-C4 Cs late Total 
TEST 1 
| Ae 0 41,450 | 18,530 | 3,100 16,570 | 79,750 0 51.9 23.3 3.9 20.9 100.0 
Overhead product 0 41,450 6,350 0 0 | 47,800 0 86.7 13.3 0 0 100.0 
mottene prasest 0 ‘ 12,180 | 3,100 16,670 | 31,950 0 ° 38.1 9.7 §2.2 100.0 
Feed. . 930 43,250 | 32550 | 3,770 19,720 | 100,220 0.9 43.1 32.5 3.8 19.7 100.0 
Overhead product 930 43,210 | 10,240 0 0 . 1.7 79.5 18.8 0 0 100.0 
Bottoms product 0 40 | 22,310 | 3,770 19,720 | 45,840 0 0.1 48.7 8.2 43.0 100.0 
* Samples showed less than 0.5% isobutane; for material balance purposes, the isobutane at this point was assumed to be negligible = 
Heat Balances 
Heat Input Heat Output Risse 
M Btu./Hr. M Btu./Hr. 
TEST 1—Overall: , wren 
Feed to preheater (H). 11,080 Overhead product (H). 7,430 
Steam to preheater (A). . . Water from overhead condensers (A\H) 30,500 im 
Steam to reboiler (AH)... .. 30,600 Bottom product (H)................ 6,610 
- —— Heat loss (AH) by difference............ 500 
MSs shal deudensesvies< 45,040 ee 
, | eee De : 45,040 
AROUND OVERHEAD CONDENSERS 
Total overhead vapor (H)........ 62,150 Overhead product liquid (H).. 7,430 
(Reflux and product) tay oe reflux liquid (H).. 24,220 
a Water from overhead condensers (AH). 30,500 
Total. .... 62,150 ——_——_—- 
LS EE gy Ee 62,150 
TEST 2—Overall: 
Feed to preheater (H).. _— 14,260 Overhead product (H). = 8,660 
Steam to preheater (AH)..... 5,190 Water from overhead condensers (AH). ae 32,130 
Steam to reboiler (AH)......... 31,690 Bottom product (H)....... a .760 
———-— Heat loss (AH) by difference... . 590 
SAE Oa 51,140 - 
(0 ER eee ee . 51,140 
AROUND OVERHEAD CONDENSERS 
Total overhead vapor (H).... 64,750 Overhead product liquid (H).......... 8,660 
(Reflux and product). . Pumpback reflux liquid (H).. has 23,960 
—_—_—_—_—_ Water from overhead condensers (AH) ie 32,130 
Miceiacns 64,750 —<—$—$—_$—$<——— 
» 64,750 
Total Heat Content of Streams at Flowing Conditions 
(Hydrocarbon Basé Temp. Minus 200° F.) 
TEST 1 TEST 2 REBOILER 
Molecular | Total Heat | Molecular | Total Heat 04 
Weight Heat Content Weight Heat Content Soe 
STREAM Lbs./Mole Btu./Lb. | M Btu./Hr. | Lbs./Mole Btu./Lb. | M Btu./Hr. sOT 
Pood to Prohenter.........sccrcccceses H.. 65.3 138.9 11,077 64.6 142.3 14,261 
Steam to and from Preheater.......... AH.. 18.0 964.9 3,3 18.0 1082.6 5,191 
Feed from Preheater...............+.. ss 65.3 181.0 14,437 64.6 194.1 19,452 
Product Vapor at First Plate above Feed.| H.. 58.1 320.5 15,320 58.1 322.2 17,576 
Reflux Vapor at First Plate above Feed.| H.. 58.1 320.5 . 58.1 323.2 55,952 
Reflux Liquid at First Plate above Feed.| H.. 58.1 185.5 31,399 58.1 187.4 32,443 
Product Vapor at Top Plate........... H... 58.1 316.0 15,105 57.8 317.1 17,245 
Reflux Vapor at Top Plate............ H... 58.1 316.0 51,499 57.8 317.1 53,033 
Reflux Liquid at Top Plate a lac isos 58.1 176.0 28,682 57.8 176.3 29,485 
Reflux & Brod. Vapor to Overhead Cond.) H.. 58.1 - 305.2 62,150 57.8 316.2 64,750 
Water to and from Condensers... Ou. 3 18.0 13.0 30,500 18.0 27.1 32,130 ‘ 
Reflux Liquid from Overhead Cond. . 58.1 155.4 24,220 57.8 159.3 23,957 
Product Liquid from Overhead Cond... is 6 58.1 155.4 7,430 57.8 159.3 8,663 
Reflux Vapor at First Plate below Feed.| H... 58.1 321.0 69,478 58.1 322.0 71,523 
Reflux Liquid at First Plate below Feed.| H... 58.1 185.0 40,042 58.1 187.0 41,537 
Product Liquid at First Plate below Feed} H.. . 80.1 170.5 5,446 75.2 175.8 8,059 
Reflux Vapor at Bottom Plate......... rt 59.4 329.0 72,057 60.0 328.3 73,188 
Reflux Liquid at Bottom Plate, to Reboiler| H. .. 59.4 199.1 42,109 60.0 198.5 42,629 
Prod. Liquid at Bott Plate to Reboil ee 80.1 186.5 958 75.2 188.4 8,632 
Steam to and from Reboiler........... AH. 18.0 1039.0 30,600 18.0 989.3 31,690 
Reflux Vepors from Reboiler........... H.. 59.4 340.7 72,057 60.0 | | 3408 73,188 . 
Product Liquid from Reboiler.......... a... 80.1 206.9 6,610 75.2 213.0 9,763 
Total Heat Losses.................... Au.. eon tee 497 Vee vate 587 
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Plate-to-Plate Analyses 




















































































































Mole % 
TABLE 3 LIQUID FROM PLATE NUMBER 
Over- 
eee) for Component} head | 47 42 37. | Feed | 32 | Feed | 27 22 17 12 7 2 | Bottoms 
TEST 1: 
i-Ce......| 86.7 | 85.6 °] 82.1 72.3 | 58.4 | 69.6 76.0 | 52.9 | 37.4 16.1 4.0 ° ° 
n-C4 13.3 | 14.4 17.9 | 27.1 26.1 25.2 18.5 | 41.0 | 56.5 | 77.2 | 90.0 | 92.3 fF 52.6 
Cs (1) 0 0 0 0.6 3.5 2.9 3.5 3.5 3.5 3.5 3.4 5.1 10.8 
Ce*(2) 0 0 0 0 | 12.0 2.3 2.0 2.6 2.6 3.2 2.6 2.6 | 36.6 
Total 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 | 100.0 
LIQUID FROM PLATE NUMBER 
Over- ; 
Component | head 47 42 37 Feed 32 Feed 27 22 17 12 7 2 Bottoms 
TEST 2: a 
Cs 2.3 0 0 0 0 1.4 0 0 0 0 0 0 
i-C4 79.0 | 64.0 | 55.0 | 52.6 52.5 | 48.0 | 43.0 | 30.3 5.3 1.59} 0.22] 0.10 
n-C4 18.7.| 35.6 | 44.4 | 46.6 46.2 | 36.1 50.8 | 65.2+ 89.0 | 94.91 | 98.18] 63.0 
Cs (1) 0 0.4 0.6 0.8 0.5 3.4 2.1 2.0 1.9 1.9 3.3 8.6 
Cet (2). 0 0 0 0 0.8 11.1 4.1 2.5 3.8 1.6 3.3 | 28.3 
Total 100.0 | 100.0 | 100.0 | 100.0 100.0 | 100.0 | 100.0 | 100.0 100.0 | 100.0 | 100.0 100.0 ‘ 
* 
a2] LEGEND 
C—_)-BARRELS/ DAY 
(=> POUNDS/HOUR 
[—]}+ TEMPERATURE, °F 
—\- PRESSURE, PS.1.G. 






































TEST | - 9-50-40 
FLOODED TOWER 








(1) Contains approximately 90% of isopentane. 
(2) Typical analysis of Ce* (Total Alkylate). 





See 
Distillation: 


t 
BO , REE TEE - 
Molecular weight................. 





65.9 


199 
210 
218 
228 
241 
311 
423 
114 




































REBOILER 
2700 § STEAM 


(4930) 
PLATE TEMPERATURES 


TEMPERATURE °F. 


PLATE NUMBER FROM BOTTOM 





_ DIFFERENTIAL 
{-} PRESSURE, P:S.1 












































99 
TEST 2~ 10:17°42 
NORMAL OPERATION 


TEMPERATURE °F. 
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TEST 1 
SALCULATION SHEET TOWER TOP TRAY 


Sane Po ae tel - LOO" (10) worm Liquid Height, (8) misuse (9), Inches .4/4"_ 
(2) tray Spacing, Inches, §. 5... ZI" _ — (12) Inside Aree of One Uptake, Sq. In. ..... 9.63 
(3) Weir Lengths Inches, (12) Outeide area of One Uptake, Sq. In... . . « 15.00 
vetr Type (19) Cap Inside <ross-Sectional area, Sq. In. . . 20255 
Rectangular Weir, 2)... .. . - . 25a1/8%24) anmlar area por Cap, (13) Mimus (12), ee 
Diameter, Circular Weir, @& ...... . a. Sa gg ny ee ants of Cathe cap "915 Ne 
0, (ce yagi silat ———— (16) Elevation of Top of Uptake Nipple above Tray 
(4) Bo. of Uptakes on fray, g ........- 136_ Ee Si cecvabatl 6 os oes ome 
(5) Uptake, I.D., Inches, 4... 2... 2. 3-1/2 «7 Reversal Ares (er 0p, Sot... s « s 10,65 
(6) Gap, I.D., Inches, @ .....-...-.-.- 5=-13/16 (40 ——, ameter a Bipple) 
(7) Slot Height, Inches, 4 2... .. 2... 1" (28) stot wart — ~ 4 Se ee 8.0 
(8) Elevation of Top of Weir above Tray, Inches. 2" (19) . Lover int Smear Plate 7° 92 5/8" 


(9) <« weeeeeteereertrey 3/4" 


Beeevesvesveecnaeeceee es 


(20) Contraction Area, Ay, Sq. Pt. per Tray) we ee ee es 1.37 
(21) Ay, Inside Area of Uptake, Sq. Pt. per Tray, "* HP 2... eee 91 
eee ee ee 10.05 
(23) Ay, Ammar Area, Sq. Pt. per Tray, == Oa) Re ee Pe ee ee 10.91 
(24) Ag, Cap Inside I-Sect. ate, Ge per Sen, °° TT TTEPEE TET TTT TTT 25.05 
(25) Ay, Total Open Slot aren, Sq. Pt. per tray, HE... eee 7.55 
(26) A, Smaller of Tvo Values dy of Ar, Sq. PL. per Trey. eee 10.05 
Toma gumirms: + TOP 
Y, Max. Uae Volume, C. 7. 8. D322 5 Density, Lbs. /c.P. _1,18 
@, Max. Liquid Volume c.p.m, 625 _ } @yPeneity, Lbe./c.P. 33.3 
PRESSURE DROP THROUGH TRAYS 

(A) Height of Liquid Over the Overflow Weir, b, « iL WP bivecteskeswveverseens 1,975 
(B) Sorml Liquid Height, by, (10) abowe =... ANG ee whe euds'oensaue%edebds ad 0.25 


(C) Pressure Drop thru Cape 
(ea) Presaure Drop thru Uptakes 
Qa) wea”... 


n= 0.00178 a [for xt] ob o.06 gbeetedebncass +e 6 ee 


(2) Parone: less than Uptake Area: 


2.1 or 
bh, « 0.00158 4.qi Ty AF Wea] WEerterrterre ce cee CUT eee s 


(bd) Reversal Pressure Drop: 


n, = o.oo fe, say" $a 60 0644584 55044408%55 = 0,119 


(ec) Pressure Drop thru Slots: 


m, = 0.0026] [A 4, iL - PEON SEe ate hGs see deaeens « 0,389 

Total = bp SRE CRE EO ... 0,800 

(4) x= HB: By = 2089 - ee eee eee 0.758 
SP eee ee aT ree 1,055 
iia a is eek e van oeneee = 9.535 
SP UIE, ng ccc ccc tccececeescceces 0.946 


(g) Pressure Drop thru the Cap, Inches of Hot Liquid 
mete [ ga 7.0 be wee Beis Oe 6 eae the ak Bel 9 Re Re we hal fC 
(Use value of bh, under (4) or (f) whichever is the gualjer) 
“(D) ~Total Pressure Drop thru Tray: 
a, 4b, 4b, Deke ie eee Od 6.6 bere ee 0 6 6 we bE 8 — 4.01 
(8) Contraction Head Loss: 


&, 2 0.36 lav] SUT ACE are a i as oe 0,58 


A hla We wikis bie ia Se 6r0. & «6 00 0d bole ee eae 2.70 
(G) Meight im Downspout, D 

6 Wiis CNG dws 4-04 0:00 nano aaw 7929 
(%) Pree Height in Downspout 

oe a PURER Sa ee eee PT 17.73 


| a 2 eee ieepniemiuee 1,52 
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TOMEL AMD TRAL CAPACITIES 
TEST 1 





Sale UhA TION StEST BOTTOM OF TOWER 
(QQ) Tower Diameter, Pest... ... eRe - .10°O" (19) wormed Liquid Height, (8) Minus (9), Inches .2/4."_ 
(2) Tray Spacing, Inches, $ ...........- 27" _ — (12) Inside Ares of One Uptake, Sq. In, 2. 9.36_ 
(3) Weir Lengths Inches, (12) Outeide Area of One Uptake, Sq. Imp... . . 45.00 
Weir Type (13) Cap Inside Cross-Sectional Ares, Sq. In. . . 20255 
Rectangular Weir, 2,.....--.--- 75=1/8"%14) ‘anlar ares per Cap, (13) Minus (12), $q.IncAbe 55 
me, rd i yoo On ae aim een aes 
No. of Circular Weirs 2... ...... eur one 
(4) No. of Uptakes on Tray, p ......... 136_ eee: UNE ter rane — 321/16 
%5) Uptake, I.D., Inches, J... 26+. 3321/2" (17) Reversal ives £00, SoeIm oss : - 40.65 
(6) Cap, I.D., Inches, @ ...-......-. 5-13/ 16 iC average faneter 2) Uptake Bipple) 
(7) Slot Weight, Inches, 4. .......... 1" (28) Slot ares, per Cap, Sq. In... 22... 8.0 
(8) Elevation of Top of Weir above Tray, Inches. a" (19) Height of Lower End Downspout Plate or 
Somes Wipple, above Tray below, Inches .... . 2-5/8" 


(9) ay of Top of Slote in Caps above OM > yn 


eae Oe O'S.8 6.6.6.8 2°. OA CE 


Cp Cen ls OR Mis CORD 5 55 Spite eo bs +t sawudetae alee 1.37_ 
(22) Ay, Inside Area of Uptake, Sq. Pt. per Tray, "*HM 2. ee ee 9.1 
(22) &,, Reversal Area, Sq. MR. por Tray, "TP 2... ee eee eee 40.05 
(23) dy, Annular Ares, Sq. Pt. per Tray,” * Ld) Pe EEE e CE ee Ee Oe 10,91 
(24) Ag, Cap Inside X-Sect. area, Sq. Pt. per Tray, ” * a ast dic “ner ls eiang ene 25.05 
(25) A,, Total Open Slot area, Sq. Pt. per Tray, "HP ee ~ a 
(26) Ay, Smaller of Tvo Values de of dp, $q. Pt. per Tray. 2 eee 10.05 
TOMER QuaNTITEs: BOTTOM 
J. Max. tes Volume, c. F. 8. 45-9 ; CoPeneity, Lbe./c.P. 1.25 
Q, Max. Liquid Volume G.P.x. 940 __; @,pensity, tbe./c.r. 3304 
PRESSURE OROP THROUGH TRAYS 
(A) Height of Liquid Over the Overflow Weir, b, « mt PR re Per 2,60 
(B) Bormel Liquid Height, bo, (10) above 2.2... Pe 6b 6d 40.4 tke ee eee ~~ 
(C) Presgure Drop thru Caps 
(a) Pressure Drop thru Uptakes 
q) Por Reversal Arca equal to or greater then Uptake Areas 
my = 0.00178 4 [fee 2] bee 6nd b. 66 & obec bneeee ee 
(2) For Reversal Area less than Otehe Area: “ 
Rye OOM ON CR cece een ees ae 
(b) Reversal Pressure Drop: 29171 
bs o.crod le, 4 PTET TT Tee eS = 14 
(ce) Pressure Drop thru Slote: 
bs e.coaeal (G4 ca Ps dvwaeckbds ve (kena = 2368 
Total = bp LL, PO eR OTT ary FT 2746 
Pressure Drop for Dry Tray 
(4) eo yg Be =2.045 & ene Pea kee «6 cee eee 2728 
be = tyke ie. te we tyo:' 4: Vice elale as Ao 6 ee 1,025 
(e) Maximum Pressure Drop thru Slote, (tg) mx. = dy —Cly be 6 ia ik ae ee = 2535 
0: Ge En ok nc g-nck oOo 050s eWbameeween 2913 
(g) Pressure Drop thru the Cap, Inches of Hot Liquid 
i MR EE ko + 0.0..9.4-4-0,0.0:4 Oa © oe oo oe ee eg CE 
(Use value of hy under (4) or (f) whichever is the smaller) 
(D) ‘Total Pressure Drop thru Tray: 
eS UT RT RE TT CT TCO TT CT ee 4056 _ 


(B) Contraction Head Loss: 


shies [as] Rt ie eens Ailes 48 ee oak eee 1,31 


I GB aoc oo a hk ee as 8 eee 3425 
(G) Height in Downspout, D Biya 
wy Ti tt. to ee Peis ks ue eee 9.12 
(8) Free Height in Downspout ex 
Sekaiite SD - ice Khe. 55's, ws bee a eee 15.28 
(yn Sfye ..... os DA 6-456 0 0 5'0.04.0-s, bio oe een 2.90 
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TEST 2 
TOWER TOP TRAY 






20'O" (10) wormal Liquid Height, (¢) Misuse (9), Inches . ._1/4" 











(2) Tray Spacing, Inches, § ....-..-.- ZI" __ (12) Inside Area cf One Uptake, Sq. In, 2... 9,52 
(3) Weir Length: Inches, (12) Outeide area of One Uptake, Sq. Ins... .. 15.00 
Weir Type (13) Cap Inside Crose-Sectional Area, Sq. In. . 26.55 
Rectangular Weir, 1)... 2... . 25=1/8"(14) ancular aren per Cap, (12) Mims (12), Sq. Inehbe 55. 
Diameter, Circular Weir, 4)... .... (15) Elevation of Inside Surtace of Bubble Cap 3415/16 
Bo. of Ciroular Wire .......... ae LRG 
res ee, tebe tgte ty thy 


3-)/ 2 (27) Reversal Area 








(5) Uptake, I.D., Inches, @...... 2... Aree ter Cap, SoxIn. 
(6) Cap, I.D., Inches, @ 2.2. .-....5 5-13/ 16 (de ies rk) Bipple) . 
(7) ‘Sit Weight, Inches, 4. 2... 2.2... 1-3/8" (18) Slot area, per Cap, Sq. In... ....... 13,65 
(8) Elevation of Top of Weir above Tray, Inches. 2" ss (19) Height of Lower End Downspout Plate or 
Nipple, above Tray below, Inches ..... 2-5/8" 
when einpaepret iaepanimee = a 
eS PMP id 5 os 0.65 00,0 ba ce hb oo oe fe sate PERU ON 1.37 
(aad A, Taskde anes of Gytate, M. M. per trey, = GR. ewe eee Lh. 
(22) 4, Reversal ares, 8. Oe sei cscew ses ce ove ES Se &. 
nr trees Oe Pe gmr  ,  e e ee eeN 92.2 
(26) Ag, Cap Inside E-Sect. area, Sq. Mt. per tray, "He eee 21.2- 
(25) &,, Totel Open Slot area, Sq. Pt. per tray, =H eee 10.9 
(26) 4, Smaller of Tuo Values ty of bp, Sq. Pt. per Tray. ee eee 8.5 
TOMA watts: TOP 
J. Max. bes Volume, c. F. 8. 53.5; PcPersity, Lbe. /c.P. 1.175 
@, Max. Liquid Volune G.P.x. 642 5 @zpensity, ‘Lde./c.r. 32 
; 
PRESSURE DROP THROUGH TRAITS 
(A) Height of Liquid Over the Overflow Weir, b, « mt eS eee core eae 2,0 __ 
Oi Gi SIO GI, Me GP em ccc cc ccc ce beeen ee eeete Q.25_ 
(C) Pressure Drop thru Caps 
(e) Preseure Drop thru Uptakes 
(1) Por Reversal Area equal to or F3°" than Uptake Area: 
by « 0.00178 4, (Jer | ve lita ca Rael tar ea = 0,426 
(2) Por Reversal Aree less than 10) Area: . 
 &, = 0.00158 ane eZ errr Tree Te re ere a. 
(b) Reversal Pressure Drop: 2917 
womb t ip Oe a eT 
(¢) Pressure Drop thru Slote: 
bs oncnasi | 14% t ] Fs vrwens «denier CA 2 0,219 
I NTE ial lenin cw ahd son's g vl 6 dV ie 0.909 
Pressure Drop for Dry Tray 
(a) weap fy =1,02 2 ie whee sinh aes 90a LARS D SP 0.716 
be woe De sis 6 anni aad Kaleo sie eb wn oe omtee his 1.27 
(e) Maximum Pressure Drop thru Slots, (hg) mx. = dg Li. i ase C8 : 0.705 
as sale o's 'p'n aie’ bs oes CP ae Ble 1.395 
(g) Pressure Drop thru the Cap, Inches of Hot Liquid 
by = by [ ee] ‘se eee ee eee ae eee oe a get 2.48 — 
(Use value of by under (4) or (f) whichever is the smaller) 
(DB) otel Pressure Drop thru Tray: 
NE hare. dats'a Wik'ory. nis dd 00's Cade ee med wa Cad 4073 
(8) Contraction Head Loss: 
by = 0.56 [as] © Se GS peeks eae c ewes O00 eee 0,61 
IS os er areas iste @ 60 a eed od ee Bees we bee 1.63 
(G) Height in Downspout, D wee A 
EE ves 6p a'sis'S a vawedecdssb ve eWean 6.97 
(1) Pree Height in Dovnspout 
SN EP oe eee eee ds tate oe én cawe ee 18.03 


== =o) CSS 6.09 ¥ 6 6:4 CH FOA8 66 C6 0 6 16 6G HO 0 6S 


gl 


(oD SA,« 
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TOW AMD TRAL CAPAC TT OES TEST 2 








GALCULATIDE SHEET BOTTOM OF TOWER 
(1) Tower Diameter, Feet... ... Se gale 10"O" (17) wormed Liquid eight, (8) rtimus (9), Inches 1/4" _ 
(2) Tray Spacing, Inches, $ .....--.-.. zi" (11) Inside Area of One Upteke, Sq. In. ... . -2992_ 
(3) Weir Lengths Inches, (12) Outside ares of One Uptake, Sq. Im... .. 15,00 
Weir Type (13) Cap Inside Cross-Sectional ares, Sq. In. . .20255 
Rectangular Weir, 2... .. . . - - L5nL/8%14) anmiar Aree por Cap, (13) Mimus (12), $q.Ineehs 5D 
sete, Seeder rs By os =O ii Seam Sele ot ae 
ways ae Sad ————- (16) Elevation of Top of Uptake Mipple above Tray 
(4) So. of Uptakes on Tray, gp ..--.-.-- A15_ or a A PS BUA 
(5) Uptake, I.D., Inches, @.-.. 2.5... 3-1/2 « Reversal. Ares ee EOP ee 10,65 
(6) Cap, 3.D., Inches, @ ...-.--....-. 5=]3/16 (d« average faneter eh Nipple) 
(7) Slot Weight, Inches, 4. ......... iy 1-3/8 (18) Slot Ares, per Cap, Sq. Inn. 2... 13.65 
(8) Elevation of Top of Weir abowd Tray, Inches. 2" (19) Height of Lower End Downspout Plete or 2 se 
Nipple, above Tray below, Inches .....4% 
(9) Elevation of Top of Slots in Caps above Tray, 
ee e:4's sa 6 0% Wake caked 1-3/4" 
Oe MERE TUR PE EET RA TEED ee eS 4.37_ 
(22) A,, Inside Aven of Uptake, Sq. M. por trey, "=H 2 ee ee eee 1 * 
(22) A, Reversal area, Sq. M. per Tray, “HE eee '~ 
(23) dy, Anmular Area, Sq. Pe. per Tray, " * Lid bi geeln we 6. tg ala ki08ib eb Reale 9.2 
(24) de, Cap Inside E-Sect. area, Sq. Pe. por tray, "* HP ee 21.2 
(25) A, Totel Open Slot ares, Sq. Pt.'per Tray, =. eee 10.9 
(26) A, Smaller of Tvo Values dy of Ap, Sq. PL. per Tray. eee 8.5 
TOMER QUANTITIES: 
J. Max. Ges Volume, C. F. 3. 51,9: PcPensity, Lbe./C.. —he2) 
@, Max. Liquid Volume G.P.m. 1058 _; @,Density, Lbe./c.r. 33.4 
\ - af 
(A) Height of Liquid Over the Overflow Weir, b, « x5 WE” sy 0's: 3 © 60 sig © 0)5.0 pee 282 
GO. We theme Oe, GR me sn ec s bos baie oh tc eek eee uke 225 
(C) Pressure Drop thru Caps 
(a) Pressure Drop thru Uptakes 
(1) For Reversal Area equal to or reget than Uptake Area: 
my = 0.00178 4, | foe £] wee Te ee eae ee Le = 2422 
(2) Por Reversal Area less than Uptake Area: 
ts 2.1 a 
yer RE Ric ee 
(b) Reversal Pressure Drop: 291-71 
x comodlet i Pert Meee Se 
(ce) Pressure Drop thru Slote: 
bs o.cnasil IG i ] octet Pe eee E Te ee eee « 211 
Total = bp Bg PEEP POO RE Pe ion 
Pressure Drop for Dry Tray 
(4) ne tft = 0.986 sige. 3a Agnew oe ani sl ace Oe nee 2690 
be we MSS yai as win m8, beak he Cdk ok ae ee ee 1,149 
‘(e) Maximum Pressure Drop thru Slots, (hg) mx. = d, i, eR 8 ec hee eee ee : 2736 
Se ae ee ee Ce Pe re 1,318 
(g) Pressure Drop thru the Cap, Inches of Hot Liquid 
en. 5... cn cial sau ps. te gets — 
(Use value of be under (4) or-(f) whichever is the smaller) 
(D) Total Pressure Drop thru Tray: 
b, sb, 4 by = é6. 6h eae 65 6 Oe 6 Oe as eS eee ae 5222 


(EB) Contraction Head Loss: 


2 
b, = 0.56 [ass,] Bo weed dealers as Be wae 1,66 

0 RR A I ans oss nin Oba RCE hawk Eh Dee ae 2.0 
(G) Height in Downspout, D 

Leds etn ab hh. Ma RRR ET ET TT es eer _ 8.93 
(8) Pree Height in Downspout 

SCRAP ©. 6 oe ds m:6:0 6.4 80 8 6h eee eternal 225 
(1) 4A, = eA eS ee ne et ee re ee wo 66's 9° 6: 010-0 Ls EER aeod & 3953 
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exceeds the highest possible drop for that type of ca cap, inasmuch 
as vapor will pass under the slots when the pressure drop is high. 
For this reason, check A. against (h-) max. 


(e) (h,) max. = maximum slot pressure drop pos- 
sible. 


= d, ai , inches of water. 
d, = slot height, inches. 


rc¥y i= = specific gravity of liquid. 
(f) (h.) max. = h.+h,-+ (h,) max. 
Where: : 
(h.) max. = highest wet-tray pressure drop possible 
at given conditions, inches of water. 
(g) Using the smaller value of h. or (h.) maz: 


man [ 24] 





Where: 
hs = pressure drop through caps, inches of hot liquid. 


D. The total wet-tray pressure drop, h, is the total of 
the separate pressure drops, or: 


h = hi+h,+h; 


E. The pressure drop at the bottom of the downcomer, 
due to contraction of liquid flowing from down- 
comer to tray, is calculated by the equation: 


Where: - 


hy = downcomer head loss, inches of hot liquid. 
Aa = smallest flow area at bbdttom of downcomer, 
square feet per tray. 


F. The liquid gradient across the tray is the amount that the 
liquid will build up due to restrictions to flow from caps, 
risers, vapor streams, etc. This gradient adds to the liquid head 
which must be overcome before the vapors can rise through 
the tray. This liquid-gradient calculation is based on flow of 
clear liquid that is equivalent to the actual flow of froth. 


Based on. published data and private information, the committee 
used the following equation for calculating ‘the liquid gradient 
across the tray: 


For round caps on triangular pitch centers: 





_ 24 CLV o — 
= a, (Lay 


Where: 


Q = hot liquid flowing across tray gallons per minute. 


1, == total free space between caps, normal to flow, taken as the 
average of the free space at each of the rows of caps, 
inches. 

l. = total free space between uptakes, normal to flow, taken as 
the average of the free space at each of the rows, inches. 


4 = liquid gradient fron: inlet weir to overflow, 
inches. 

r = number of rows of caps, normal to flow. 

d, = total depth of liquid at the downstream end of 
the flow section just above the overflow weir, 
inches. 

s = skirt height of caps, i.e, the distance between 
the bottom of the cap and the top of the tray, 
inches. 

b = distance between adjacent caps and/or uptakes 
in a row normal to the flow of liquid across 
the section, inches. 


i40~—s [508] 


minimum distance between adjacent caps and/ 
or uptakes, inches. 


= average of the ratio between caps and of the 
ratio between uptakes. 
hydraulic gradient constant, determine from 
. Fig. 22 for: 


UVpe = 1.1. 
U = superficial vapor velocity using the 
total tower area, feet per second. 
po = true vapor density, pounds per cubic 
foot. 


v= 
a 
w 
Ca = 


For the special case of equilateral triangular pitch, the 
equation reduces to: 


2.15CaliVA{ . 
rvr l 


and for square pitch: 


Q= F -14) +31 448(e—1) |} 


Q = 24G. ua § A (F -1) +r [ d.+8(a—1) | } 


G. The height of liquid in downspout above the liquid overflowing 
the weir at the outlet side of the tray will be equal to the 
various pressure drops plus the liquid gradient across the tray : 


D=—h+h.+h+h+ A 


Where: 

D = height of liquid in downspout above liquid height at 
at outlet side of tray, inches. 

H. The free height in downspout is the distance from the liquid 
in downspout to top of weir on tray above, and is found as 
follows: 

F=>t—D—h 
Where: 
F = free height in downspout, inches. 
t= tray spacing, inches. 
The following points should be noted in using these equations 
and the accompanying charts: 

1. The average flow width used in Figure 22 is the overall aver- 
age flow width, normal to flow, for the section under consid 
eration. For the common cross-flow type of tray, this is 
approximately 0.9 times the tray diameter. 


1, must be carefully determined, and can best be measured by 
determining the free space at each row of caps and using the 
average of this determination. J, can be determined in the same 

manner, but the calculation 


need not be so critical. 
+8r} do+s(a—1) 3. In some unusual cases, as a 


single cap not in line with 
others, r should be corrected 
by eliminating this short row from the total number of rows 


i) 


4; The correction for UVpe other than 1.1 (Figure 22) should 
be made to the A as calculated from the equation, after all 
other calculations are completed. 

5. It is believed that the square pitch equation is a reasonable 
approximation to the case of rectangular caps, parallel to flow 
if the liquid flow is straight across the tray. 

6. The foregoing equations are derived for the case where the 

average clear liquid level is not more than about 1 inch above 

the top of caps. 

It should be pointed out that a row of caps will stop bubbling 

when the true ratio for the particular row is: 


4 
hs 
In applying this correlation to the Standard Oil Develop- 


ment Company isobutane tower data, the following facts were 
noted: 


“NS 


= 1 


In test No,’ 2, the values of & are less than 1,0, This 
3 


shows that vapors are rising through all of the caps, and the 
tray may be considered operating in a stable manner. Also, 
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REFERENCE 
DAUPHINE, SCD THESIS, M.1.T. ,1939 


CURVE FOR EXPERIMENTAL 
DATA ON 3-6IN. CAPS WITH 
1-2 IN. SLOT HEIGHTS. 


\g * VAPOR VELOCITY, FT/SEC. BASED 
ON TOTAL SLOT AREA 

fas vapor DENSITY 

Q, * LIQUID DENSITY 

A,* TOTAL SLOT AREA 


A,* ANNULAR AREA BETWEEN 
CAP AND UPTAKE 


FIGURE 21 


Ratio of pressure drop through dry cap to that for liquid on the tray up 
to the top of the slots. 


there is free space available in the downcomer, so that the 
tower is definitely operating in an unflooded manner. 

In test No. 1, free space is available in the downcomer, so 
the tower is not flooding from excessive liquid load. However, 
the value of A is appreciably higher than hs, indicating that the 
caps on the inlet side of the tray are not bubbling. When this 
occurs, the vapors rise through the caps on the overflow-weir 
side of the tray, and must then cross the tray countercurrent 
to the liquid flow, in order to rise to the next higher tray. This 
countercurrent vapor flow across the tray causes increased 
buildup of liquid on the inlet side. The effect of this is a con- 
tinually increasing liquid gradient, a “snowball effect,” until 
the point is reached at which the tower will prime at some 
tray. Immediately, the liquid-handling capacity of that down- 
comer is reduced and the tower floods. 

It is also of interest that in this case backtrapping of liquid 
through the risers occurs on the inlet side of the tray. 

Both of these phenomena have been observed by visual ob- 
servation on this tower. 

Summaries of the calculations on these tests are appended 
at the end of this report. The calculations show that the major 
reason for the decrease of A in test No. 2 was the location 
of the holddown bars below the tray. 


Sample Calculations 
_ The following are sample calculations for test No. 1—tray at 
bottom of tower. 


Tower Details 
(1) Tower diameter, feet 


2) Tray spacing, inches, t: 
50 trays—49 spaces—2 foot 3 inch spacing, except 
every fifth tray commencing with that between trays 
5 and 6 is 3 feet 2 inches. 


10 ft. 0 in. 


Overall tower height = 135 ft 
(3) Weir length, inches: 

Rectangular weir, lw = 75% in. 
(4) Number of uptakes on tray, = 136 
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(5) Uptake, inside diameter, inches, d. = SY in. 


(6) Cap, inside diameter, inches, d. = 5-13/16 in. 
(7) Slot height, inches, ds = 1 in. 
(8) Elevation of top of weir above tray, 

inches = 2 im. 


(9) ‘Elevation of top of slots in caps above tray, inches : 
lin. + % in. + % in. = 1H in. 
(10) Normal liquid height, (8) minus (9), inches: 
2 in. — 1% in. = & in. 
(11) Inside area of one uptake, square inches : 
0.785 d? = 0.785 (+ = 9.63 sq. in. 


(12) Outside area of uptake, square inches (area calculated at- 
top of slots): 
Outside diameter of riser at top of riser : 
5-13/16 — 2(25/32) = 4.25 in. 
Outside diameter of riser at top of cap: 
5-13/16 —2(21/32) = 4.50 in. 
Outside diameter of riser at top of slots: 
1.375 : 
50 ———— (0.25) = 4. ‘ 
4.50 3687 (0.25) 37 in 
Area = 0.785 (4.37)? = 15.0 sq. in. 


(13) Cap, inside cross-sectional area : 
oo \* 
0.785 d? = 0.785 (5-13/16)? = 0.785 (=3-) = 26.55 sq. in. 
(14) Annular area per cap, (13) minus (12), square inches: 
26.55 — 15.00 = 11.55*sq. in. 


(15) Elevation of inside surface of bubble cap above tray, 
inches : 


3-1/16 in. + % in. = 3-15/16 in. 
(16) Elevation of top of uptake nipple above tray, inches 
= 3-1/16 in. 





“9 20 40 0 80 140 


ee 
FT. (AVERAGE OVERALL FLOW WIDTH) 


CORRECTION FACTOR FOR ADJUSTING 10 
GRADIENTS FOR VALUES OF UJ 
OTHER THAN 1.1 


HuTi 
RAUSSEAD, | BEC. VOL.34, 
PAGE 1445 (DEC.1942) 


“EXPIREMENTAL BELL CAP PLATE 
* STANDARD OIL CO. OF N.J 

PETROLEUM DISTILLATION REPORT, 

OEC. 23,1942 





ae 
GPM (HOT) 
FT. (AVERAGE OVERALL FLOW WIDTH) 


FIGURE 22 
Hydraulic Gradient—Constant 
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(17) Reversal area per cap, ares inches TI 


6:785(31) _ 
(8) C78) 


(18) Slot area, _ cap, square inches : 
1 in. x % in. = 0.25 sq. in. per slot 
32 slots per cap x 0.25 = 8.0 sq. in. 


0.785 d (3-15/16 — 3- oS eR = 10.65 





sq. in. 


Tt = 6:785d (15) — (16) 


Od 


(19) Height of lower-end downspout plate above tray, inches: 
2% in. 
(20) Contraction area, Aa, square feet per tray: 
(3) ( 21 ) 
(75% in.) (25% in.) __ 8 8 _ 601 (21) 
144 ~5 144 —~ “64 (144) 
= 1.37 ft. 
(21) Inside area of uptake, Au, square feet per tray, 
n(11) 
144 


(136 uptake per tray) (9.63 sq. in. per uptake ) =9.1 sq. ft. 





144 sq. in. per sq. ft. 







































































Density = 


hs = lex (75.125) 
B. Normal liquid height = 0.25 in. hot liquid. 


Density = (4.9 
Pressure Drop Through Trays 


Gas volume = (3,790) (0.00298) 23) (0.810) 
= 48.9 cu. ft. per sec 


220,050 
(3,600) (48.9) 





= 1.25 Ib. per cu. ft. 


Maximum liquid volume, Q: 


—— = 940 gal. per min. (hot) 


60 
1) (7.48) 


= 33.4 Ib. . ft 
110 33.4 Ib. per cu. ft 





A. Height of liquid over the overflow weir: 


»=[sea7-] 


940 | = [4.20]? = 2.60 in. hot liquid. 

















(22) Ar, reversal area, square feet per tray = ere C. Pressure drop through caps: 
(136) (10.65) _ 10.05 sq. ft a. Pressure drop through uptake: 
144 ; tas Vv 2.00 
(23) Ag annular area, square feet per tray = _n (14) he = 0.00178 da [ veo x| 
896) (11.55 14 du = 3.5 in. 
( ae 25) _ = 10.91 sq, ft. po = 1.25 lb per cu ft 
(24) Ac, cap inside cross-sectional area, square feet per V = 48.9 cu ft 
jus _ (13) ge: A. = 9.1 sq ft 
a9 ha = (0.00178) (3.5) [ vi-25 3? 
136_ (26.55) = 25.05 sq. ft. 91 
ot o(18} hg = 0,00623[ (1.118) (5.37) }* 
(25) A,, total open-slot area, square feet per tray = — 144 = 0.00623[6.00]*” 
ao — VU. * = 2 i ° 3. 
136 (8.0) = 7.55 sq. ft. h. = 0.00623 (42.3) = 0.264 in. H.O 
144 b. Reversal pressure drop: 
(26) Aw, smaller of two values, A. or A,, square feet oA? 
per tray: a. i 
. 10.05 sq. ft. hy = C0208 [ Veo 3 y ae ey 
Tower Quantities ( Vee x) = 6.00 (from previous calculation) 
Liquid from Wey ® Ne. 2 
=e EY AS = 27 Ot). = 0.681 
pole Melecala Pounds | Pounds | Gallons An Ae ~ ~ (10.05) (25.05) i 
ercent eight er rlour er alion er flour 
ro na — ~ os — a h, = 0.0109[ (6.00) (0.657) ]*" = 0.0109 (3.94)*” 
Teopentane |. 46 72 "331 515 |’ 6 h, = (0.0109) (10.43) = 0.114 in. HO. 
aPentane.. . 0.5 72 36 5.26 7 
Alkylate.... 2.6 114 ___ 296 5.97 F 50 c. Pressure drop through slots: 
100.0 60.1 6,013 9 4.91 1,224 vq. 
; h, = 0.00261 [ vee d. x] 
Assume expansion factor for liquid slightly lower than that Vpo de = V (1.25) (5.813) = V7.266 = 2.696 
for mbutane : 
Temperature = 162° F. V_ — 48.9 — 6.48 
; _ 0.583 =. A. 7.55 
Expansion factor for mbutane = Daa == h, = 0.00261[ (2.696) (6.48) }*™ 
Assume expansion factor for liquid = 1.10 = 0.00261 (17.47)** 
Liquid load below feed = 32,000 bbl. per day (hot) h, = (0.00261) (141.0) = 0.368 in. H,O 
400 gal. per hour (hot) (dry-tray). 
Liquid at 60° F. aie = 51,300 gal. per hour d. 
— 51,300 _ po \ (As 
Moles per hour 124 4,190 M = ry (#) (=) 
— A, 7.55 — 
Moles | Molecular | ‘Pounds | Pounds | Gallons ENE) 755 
Per Hour Weight Per Hour | PerGallon | Per Hour £2.) —) — ~ - 
Liquidfromtray No.2} 4,190.0 60.1 252,000 4.91 51,300 pu J\ As 83.4 10.91 
ili owiles 400.0 79.8 31,950 5.47 5,840 = (0.0260)** = 0.1612 
Vapors....... 3,790.0 - MB] 220,050p) 4.84 45,460 | = (6.48) (0.1612) —1.045 
Maximum gas volume, V : w = 0.728 (from Fig. 21) 
Temperature = 165° F. Tr = 0.805 h ’ 
Pressure =17 psi Pr=—0216 h, = oq = ae = 1.025. 





Density correlation factor, « = 0.810 h, 
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e. as Coleen by same gagt™ as |i. 
ra verage free space = 51.1 in. 
h,(max.) = d, gS = 1in, (s4 ea) 0.585. 























or see, 
' : = 7 Sa = 
_ 1 > 
h.(max.) = he+h.+h. (max.) r = .number of rows of caps = 11 
he(max.) = 0.264+0.114+0.535 = 0.913. doe = total depth of liquid at downstream end of flow sec- 
g. Pressure drop through cap, inches of hot liquid: tion just above overflow weir inches: ; 
62 4 62. 4 . : / 2.0 oe 2.60 = 4.60 
~ | = 0.918 Re, = 1.71 in. hot liquid. s+ skirt height of caps = % in. 
33.4 U = superficial vapor velocity, feet per second 
D. Total pressure drop oar tray: Area = 0.785 (10)* = 78.5 sq. ft. 
: gg 48.9 cu. ft. per sec. — 0,623 f 
2.60+-0.25+-1.71 = 4.56 in. hot liquid. 78.5 sq. ft. ot ft. per sec, 
E. Contraction head loss: Po = true vapor density = 1.25 Ibs. per cu. ft. 
Q \? U V pa = (0.623) (1.118 = 0.697 
. h, = ( 335 A) Average overall flow width: 
id. ons ? Total area of tower = 78.5 sq 
an ae , : —_ Area of 2 downcomers = 21 (0. oi) (78.5)] = 9.6 sq. ft. 
h =( (600) (1.37) ) = (1.144)* = 1.31 in. hot liquid Total area—area of downcomers 
= 78.5 — 9.6 = 68.9 sq. ft. 
Length of travel = 7.667 ft. 
, 68.9 
A dth= —— = 9.0 ft. 
verage wi 7667 
Gallons per minute (hot) mS ek = 104.4 
Feet (average overall flow width) 9.0 
Ca (from Figure 22) = 1.30 ‘ 
Correction factor (for UVpca = 0.697) = 1.0 
940 = {2-15) ees) va { 4 [eee —1.4 | + (8) (12) [4.6 +0.875(1.55—1)} } 
. Average free space of 11 rows = 32.95 in. 940 = 21V 4 ari6.5— 1.4] 433[4.6-+0.206] $ 
j 1, = average of total free space between risers at 
each of the rows, inches. 940 = 2.52V4{ (15.1) (A) +158.6 } 
A va 2.52VA (15.1) (A) (15.1) (A) +158.6 2.52V A[ (15.1) (A)+158,6] 
3.0 1.732 4.36 45.3 203.9 889 
3.3 1.817 4.58 49.8 208.4 954 
3.25 1.802 4.53 49.0 207.6 940 
A = 3.25 in. 
F. Liquid gradient: G. a in downspout : 
™ : 2 = h; + he + hs + hy + liquid gradient 
d Use equation for rectangular pitch: on 260 +0 25 +1. 7 + 1.31 + 3.25 = 9:12 in. 
2.15 Caliva 8 H. Free height in downspout : 
Qa ee a (2-14) 3 ie | F=>t—D—h, 
rvr 2r FOE eet T | F = 27 in. — 9.12 — 2.60 = 15.28 in. 
a [. Ratio of liquid gradient to pressure drop through caps: 
§ Q= 940 gal. per min. 4 3. 3, 
|, = average of total free space between caps at each of the “Ae 1,90. 
rows, inches ’ , 
center row —120 —14 (6.31) = 31.4 in. 
Ist row from center — 119.2 — 13 (6.31) = 37.1 in. REFERENCES 
2nd row from center — 116.7 — 12 (6. 31) = 40.9 in. ?T. C. Dauphine, “Pressure Drop Through Bubble Caps,’ Se. D. 
3rd row from center — 112.2 — 13 (6.31) = 30.1 in. thesis, Massachusetts Institute of Technology (1939). 
7 4th row from center — 106.0 — i2 (6 6.31 1) = 30.2 in. 2 Good, Hutchinson, and Rousseau, “Liquid Capacity of Bubble-Cap 
Sth row from center — 96.8 — 11 (6.31) = 27.3 in. Plates,” Ind. Eng. Chem. 34, 1445 (1942). 
CJ 
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Bleeder Constantly Removes Light 
Gases From Propane Refrigerant 


IR ORDER to provide suitable propane for chilling 
and refrigeration in its Huntington Beach gasoline 
plant, Signal Oil & Gas Company provides for re- 
moval of methane and ethane through an assembly of 


Oil chilling unit in Signal Oil & Gas 
Company's Huntington Beach gasoline 
plant. Pictured below is the propane 
liquid accumulator at outlet of vapor 
condensers. It shows arrangement of 
bleeding equipment by which excess 
methane and ethane are removed con- 
tinuously. 





144 = 512} 


valves and connections on the accumulator of the 
refrigeration make-up unit. The assembly allows 
continuous bleeding of methane and ethane from 
propane before it enters the refrigeration system. 





In this plant propane for refrigeration is condensed 
overhead from the fractionator as a _butane-free 
product. No attempt is made to remove lighter gases 
before the product goes into storage as make-up for 
the chilling services. Compressors handling the pro- 
pane discharge into atmospheric condensers, whose 
total output goes into’ the vertical accumulator, which 
feeds liquid into the refrigeration system through 
instrument control for each service. 

Constant removal of methane and ethane is accom- 
plished through an arrangement of needle valves and 
vent lines attached to the top head of this vessel 
through a half-inch collar. The assembly is operated 
by hand setting, then checked against engineering 
data and maintained by taking note of temperature 
and pressure at other points in the system. 

First, release valves are opened wide and the needle 
valve following the collar in the accumulator head ts 
slightly opened so as to allow release of a visible 
plume of vapor. At this stage the quantity of low- 
boiling fractions so released is determined by rule of 
thumb. When the needle valve is satisfactorily ad- 
justed, the vent gate valve is closed and the valve 
on the gas line opened, so vented vapors feed into the 
plant intake system as a safety measure. 

Pressure and temperature required to liquefy pro- 
pane is considered in checking the operation of the 
bleeding assembly. The temperature reading on the 
liquid out line is frequently consulted along with the 
pressure on the accumulator itself. In operation the 
bleeding assembly is checked in only routine fashion 
so long as the plant has adequate chilling, which 
would be hampered by leaving entrained methane 
and propane in the system. 
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REVERE detects VIBRATION at a distance 


O you know that vibration can be present in the tubes 

of a condenser, though not perceptible in the shell ? 
Putting the palm of your hand on a condenser is not a 
good test for destructive vibration. The best test is one 
carried out in the Revere Research Laboratory in Rome, 
N. Y., which makes a microscopic examination of the 
metal as a part of its work in determining causes of tube 
failure. If vibration contributed to short life, this exam- 
ination will show it. Vibration accelerates corrosion in 
several ways. The alternating stresses in time produce 
cracks across the grain of the metal, weakening it and 
giving corrosive fluids more points to attack. Vibration 
also breaks or disrupts or disturbs the thin film on the 
surface of the metal that protects it and helps reduce the 


rate of corrosive attack. Of course vibration is but one 
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of a number of factors influencing the service life of 
condenser tubes, and so when tube life is questioned we 
always suggest that samples from failed tubes be sent to 
us. We may be able to help you, as we have others, with 
suggestions that should materially extend the period 


between re-tubings. 


REVERE 


COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, New York 
Mills: Baltimore, Md.; Chicago, l/l; Detroit, Mich; New Bedford, Mass.; 
Rome, N. Y.—Sales Offices in Principal Cities, Distributors Everywhere 
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Use Neoprene Hose 
In LPG Testing 


The use of copper tubing for connect- 
ing up LPG vapor-pressure and specific- 
gravity bombs has many drawbacks. 
Wrenches must be carried, tubing bent 
to conform to various positions of the 
sample equipment, and care taken not to 





Hose replaces copper tubing in 


damage the flared surfaces of the tubing 
or fittings. From a laboratory viewpoint 
this is time consuming. 

One Michigan operator tried using a 
%4-inch neoprene hose with %-inch quick 
couplers on each end as noted in the pic- 
ture. It was found to be very satisfac- 
tory. 

The quick couplers have an expand- 
able neoprene gasket in them, so that 
only with finger tightening will hold 300 
pounds pressure and not leak. The tee 








connections in making LPG tests. 


and petcock arrangement on one end of 
the hose is for venting the pressure in 
the hose so that no frosting occurs in the 
neoprene gaskets when disconnecting 
equipment. All connections are brass, 
making it an added safety factor from 
fire. The hose and fittings have stood up 
under six months of heavy use. Further- 
more it is easily carried when sampling 
propane and butane tanks and: permits 
sampling ‘in a very limited space in the 
plant. 


Experience has shown that large piping should be used when pumping high-gravity casinghead gaso- 

line, else the liquid will break up into gas and lock the pump. Large nipples were welded to the 

heads of the tanks shown here, for flanging on the master gate valves. A header of like diameter 

is connected as closely to the gates as possible to prevent long suction. The pump which transfers 

the commodity from the tank battery is located only a few feet from the header, and has a short 
pipe run from the header to the suction. 
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HOW TO— ; 
Mount Instruments 


On Small Engines 


To PROVIDE as much convenience as 
possible for engine-room operators and 
furnish means for. mounting indicating 
instruments which show what small en- 
gines are doing, it is not diffcult to 
mount the instrument panel above the 
radiator end of the motors where they 
may be.seen. These panels are set on 





Instruments on engine radiators. 


the shield covering the generator, pul- 
leys and belting. The oil-pressure gauge, 
temperature indicator, and other instru- 
ments which may be found necessary 
are set with their faces out and almost 
at shoulder height. The starter button, 
ignition switch and choke are set into 
the panel. 


HOW TO— 


Change Horizontal 
Exhausts to Vertical 


Mos gas-engine-driven compressors 
originally were built to lay the exhaust 
lines under the engine-room floor and 
outward below the ground surface. Re- 
cent trends are to build engines with 
exhaust on top of the cylinders tor 
muffler mounting on the roof of the 
building. Older types of engines can be 
changed so as to eliminate exhaust pipe 
corrosion and clogging, and eventually 
saving a considerable charge for re- 
placement of pipe. 

Two-cycle engines with below-the- 
cylinder exhaust ports may be converted 
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PENBERTHY 


“REFLEX’’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 


PENBERTHY 


DROP FORGED STEEL 


LIQUID LEVEL GAGES 





Liquid always shows 
black—empty space 
shows white. erred 
where: the liquid level 
must’ be easily and posi- 
tively visible, and when 
liquids are under high 
pressure or at “— tem- 
perature. Made of alloy 
temperature resisting 
steel.and are highest 
quality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect align- 
ment and rigidity. Con- . 
form with A.P.I.— 
A.S.M.E. requirements. 


The “Refiex” is one of 
the complete line of Pen- 
berthy Gages that meet 
every liquid level gage 
requirement. 








D hiben Ay 


gts 
PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


“ALL IRON” 
LIQUID LEVEL GAGES 














Body made from a special high 
strength alloy iron, shanks alloy steel 
and trim stainless steel. Extra heavy 
construction throughout, automatic 
and positive shut-off if glass breaks, 
heavy duty stuffing boxes. Conform 
with A.P.I,—A.S.M.E. requirements. 


The “‘All Iron”’ is one of the complete 
line of Penberthy gages that meet 
every liquid level gage requirement. 


=| 
PENBERTHY INJECTOR CO. 


Conadian Plant 
DETROIT, MICH. Wiitiitel Meine Tile) 

























Made of Chromium-Molybdenuin 
alloy temperature resisting steel, extra 
heavy throughout and stainless steel 
trimmed. Positive automatic shut-off; 
stainless steel balls shut off the flow 
of liquid if glass breaks. R 
removable seats, heavy duty stuffing 
boxes, union connections. Conform 
with A.P.I.—A.S.M.E. requirements. 


This is one of the complete line of 
Penberthy gages that meet every 
liquid level gage requirement. 











PENBERTHY INJECTOR CO. 


DETROIT, MICH. 


PENBERTHY 


QUALITY 
PRODUCTS 


Canadian Plant 


WINDSOR, ONTARIO 
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Penberthy injectors—ejectors—auto- 
matic electric and water (or steam) 
operated wm pumps are all widely 
used throu pout the oil webs nt 
because th os always been depend- 
able wader’ the most severe service 
conditions. 

All are of rugged construction and 
made by an organization with 59 years 
experience in the manufacture of 
highest quality products. 


PENBERTHY INJECTOR CO. 


DETROIT 2, MICH. 








Canadian Plant 
WINDSOR, ONTARIO 


PENBERTHY 


“TRANSPARENT”’ 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 








Used to observe color 
and density of liquids 
under high pressures 
and/or temperatures. 
Construction exception- 
ally sturdy. Made of 
alloy temperature resist- 
ing steel, and are highest 
quality throughout. 
Liquid chamber made 
from solid block of steel 
to assure perfect align- 
ment and rigidity. Con- 
form with A.P.I.— 
A.S.M.E. requirements. 


The “Transparent” is 
one of the complete 
line of Penberthy gages 
that meet every liquid 
level gage requirement, 











PENBERTHY INJECTOR CO. 


Canadian Plant 
DETROIT, MICH. WINDSOR, ONTARIO 


PENBERTHY 


DROP FORGED STEEL 
LIQUID LEVEL GAGES 













Recommended 
for 750 Ib. 
Hydrostatic 

Pressure 


Steel construction throughout with 
stainless steel interior trim. Auto- 
matic shut-off is positive and in- 
stantaneous; stainless steel balis 
shut off the flow of liquid when 
glass breaks. Heavy duty stuffing 
boxes, union connections, offset 
construction facilitate cleaning and 
simplify glass replacement. Con- 
form with A.P.1.—A.S.M.E. re- 
quirements. 

This is one of the complete line of 
Penberthy gages that meet every 
liquid level gage requirement. 








PENBERTHY INJECTOR C CO. 


DETROIT, MICH. 


WINDSOR ONTARIO 




































by supplying a short nipple, with expan- 
sion ring if desired, which is fitted with 
a bolted flange for coupling to a wide 
radius cast-iron ell laying with its back 
upon the floor. The stack then may be 
attached and run through the roof as 
if the cylinders were supplied with over- 
head exhaust. 

-Four-cycle engines with valve cages 
near the floor may be converted by sup- 
plying a short steel spool, having flanges 
welded to each end that match the holes 
in the valve cage and the cast-iron fitting 
to which the exhaust pipe originally was 
was attached. The cast-iron fitting then 
may be laid with its side facing the 
floor, looking back and having a com- 
mon cast iron ell bolted to it, which 
carries the vertical stack. 


HOW TO— 
Rig Hectrie Drive 
tor Tube Rolling 


UM asebiiner replacement of heat- 
exchanger tube bundles in an Arkansas 
gasoline plant is necessary in processing 
corrosive hydrogen sulphide gas. 
Through efforts of the plant machinist, 
equipment was built that speeded up the 
replacement of, the tubes to result in a 
substantial saving in labor cost and ex- 
changer down-time, in addition to effect- 
ing a more efficient tube-rolling job. 

The equipment is shown in the accom- 
panying photograph being used with a 
wire brush instead of a roller to clean 
a heat exchanger header. According to 
the plant machinist, Fred L. Strange, 
Stamps, Arkansas, who built the equip- 
ment, the time required for a 920 34-inch 
tube exchanger was reduced from 3 days 
with 3 men rolling to 14 to 16 hours 
with 2 men rolling. 

A Y%-horsepower 110-volt, 1750 rpm 


Rearrangement of engine exhausts originally 
underground, to vertical (above and right). 


electric motor powers the tube roller 
through a Model A transmission and a 
flexible shaft fitted with a chuck for the 
tube-rolling head. The flexible shaft 
turns at 205 rpm. A spring-loaded clutch 
on the motor sheave is adjusted by the 
operator and all the tubes are rolled to 
the same tension. The transmission shift 
lever is held in rolling position by a 
spring. When the tube has been rolled, 
the operator shifts to reverse by pulling 
a cord fastened to the loop on the shift 
lever, and the roller is backed out of the 
tube. The spring attached to the shift 
lever pulls it back into gear when the 
cord is released. A slotted bracket guides 
the shift lever from forward to reverse 
positions. 

The equipment described is,an adap- 
tation of the tube roller built by G. W. 
Freeman, machinist of Magnolia, Ark- 
ansas, 


Motor drive through auto transmission for rolling tubes in exchanger. 


Shield Openings 
In Iron Hoors 


tact: a tight joint between steel 
flooring and exhaust pipes and water 
lines around compressors is a difficult 
feat, and not obtained in many plants. 
To overcome the difficulty of exactness 
in cutting the heavy metal, a reasonably 
tight fit may be made, yet leave some 
opening for circulation of air, and ease 
of removal when work below the floor 
is essential. Narrow strips of metal are 
welded to form a “fence” around pipes 
and fittings. The purpose of these strips 
is to prevent sweepings from falling into 
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OR YEARS, General American has been precision 
. fabricating equipment to handle the various 
gases, liquids and bulk materials used by refineries. 


It has excellent X-ray facilities, heat treating and 
stress-relieving furnaces and experience in fabricat- 
ing equipment of carbon, stainless, alloy steels, Ever- 
dur, Hastelloy, Monel, aluminum and clad materials, 


Put this experience to work on your next plate fabri- 
cation assignment by asking for our recommendations 
and quotation. 


















































SALES OFFICE: 10 East 49th St. 
Dept. 900 New York 17, New York 
WORKS: Sharon, Pa., East Chicago, Ind. 
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@ 
Genéral American 
TRANSPORTATION CORPORATION 
process equipment e steel and alloy plate fabrication 
OFFICES: Chicago, Louisville, Cleveland, — 
.Sharon, Orlando, St. Louis, Salt Lake City, 
Pittsburgh, Washington, D. C. ——_—_=_==== 


SE: 


Other General American Equipment 


TANKS... 
WATER 
GASOLINE 
ACID 
PROPANE 
BUTANE 
CHLORINE 
BLENDING 
MIXING 
CRUDE 
TOWERS 
ABSORBERS 
BUBBLE 
FLASH 
VACUUM 
FRACTIONATING 
PRESSURE 
DEWAXING FILTERS . 
STACKS — BINS 
STEEL PLATE FABRICATION 





















































the holes and to keep tools where they 
may be reached. A stream of water, also, 
may be played on the floor for cleaning 
without danger of wetting the piping 
under the floor. 

If the narrow strips are thought to 
be unsightly, covers of light metal can 
be cut and formed with rounded turns, 
painted with appropriate colors- and 
thereby add to the appearance of the 
engine room, The covers may be at- 
tached to the strips with screws, which 
make removal a matter of seconds, and 
replacement as quickly done. 


HOW TO— 


Set Starting-Air Tanks 
Outside Engine Room 


j¥ E battery of starting air tanks re- openings around pipes and machinery. The in- 
quired at an engine room need not oc- _ stallation can be made more sightly with shields 
cupy space inside the building. One as shown at right. 

method is to run a concrete pad against 

the wall outside of the building with the 

tanks mounted vertically on short skirts. 


A bracket attached to the building pro- HOW TO 


_ vides bracing. The air manifold is con- 
nected to the top of the drums, while 
the water drains are in the bottom heads. 


Cl , dry air is a: d as lens ° 
Clean, dry air. is assured as condensate Dratoct Burner Air- 
pulled into the engine when starting. 
e 
Inlets From Wind 


ves Ain inlets that are exposed 
to drafts can be protected with hoods. 
On one unit burners were set in the 
side of the heater in such a manner that 
gusts of wind frequently disturbed the 


eC. eo ee ey " 
ei SOP AS . 


A two-wheel dolly for moving heavy equipment can be made by obtaining the spindles, wheels — 
and tires from any light weight car. The original axle is not necessary as the connections betweem — 
the spindles are made by setting two U shaped pieces of heavy pipe for sufficient clearance be 
tween the ground and the lifting lever attached to the crown of the inverted U. Extra bracing & — 
done with diagonal piping to the lifting lever which has sufficient length to provide plenty of 
leverage when lifting the load which is attached with chains to a heavy steel hook on 

Air tanks—note drainage connections. short end of the lever. 
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M. KEE Refinery Engineering 


Services assure you advanced, 





flexible design, experienced engi- 
neering and skilled construction, 
with all details of your project 
in the hands of a single respon- 


sible organization. 
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even burning of the fuel. Hoods with 
open bases were hinged to the metal 
sheathing covering of the heater so that 
they may be lifted and latched in*place 
for inspection, firing or regulation. Low. 
ered, wind is prevented from blowing 
directly into the opening, while the 
hoods do not interfere with effecient op- 
eration of the burners. 


HOW TO— 


Assemble Portable 
Compressor and Tanks 


A PORTABLE air compressor is use- 
ful in providing an emergency source of 
air for starting gas or diesel engines, as 
well as for the more usual applications 
of spray painting, and the operation of 
portable maintenance tools, The unit 
shown is assembled on a trailer fabri- 
cated from automobile parts. 


HOW TO— 


Use Mechanical 
Refrigeration in Lab 


ae of using chopped ice in con- 
denser boxes of laboratory distillation 
equipment, Allegheny Refineries has in- 
stalled a mechanical refrigeration system 
in its laboratory at Bolivar, New York. 
The system is a standard unit similar to 
conventional domestic refrigerators, with 
refrigerant expansion tubing wound in 
a coil surrounding the condenser tube. 
Water is poured into the box to the level 
commonly used, and the refrigeration 
machine is used to lower the tempera- 
ture to that required for the product 
being tested. 


HOW TO— 


quip Tractor tor 
Moving Rail Cars 


is PLANTS not large enough to re 
quire the full-time service of a railroa 
switch engine, this substitute will be 
found very valuable. It can leave the 
rails at any point where dirt, gravel of 
boards are filled in flush with the tops 
of the rails. 

In the picture may be seen.the neces: 
sary additions to any tractor. The flanges 
in the center of the rims and the coup 
ling fitted solid to the rear frame. This 
coupling will be gladly furnished by 
your local railroad, when its use 1s €* 
plained because it will mean less caf 
movements for them. 
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ABOUT OUR AUTHORS ..... and Other PERSONALITIES 


The Hanlon Award 


Tenth name on the plaque of the 
Hanlon Award is William K. Warren, 
selected as its recipient at the twenty- 
sixth annual meeting of the Natural 
Gasoline Association of America. In his 
presentation, J. H. Dunn, association 
president, said: 

“This year we are to honor a man 
whose early work and continuous effort 
have been largely in the marketing 
phase of the business of the industry. 
This is in accord with the rules of the 
award which stipulate that significant 
effort or accomplishment in any field of 
natural gasoline or cycling activities 
could and should be recognized.” 

In particular the speech of presenta- 
tion cited Warren for “his efforts to 
broaden the markets for natural gaso- 
line, his program of storage of products 
in times of low demand, and for his 
many other contributions to the welfare 
of the natural-gasoline industry, the 1947 
Hanlon Award goes to Mr. William K. 
(Bill) Warren.” 

It might have been added that Bill 
Warren had an idea and $300 back in 
March, 1922, so he opened an office in 
the Atco building, Tulsa, and decided to 
restrict his efforts to the sale and dis- 
tribution of natural gasoline and lighter 
products. He now heads a corporation 
which manufactures, stores and trans- 
ports more of these lighter products 
than any other organization. 

Bill Warren was born in Nashville, 
Tennessee, where he cut short his high- 
school - activities to get into the oil 
country, where he had been assured of 
a job. First he worked for Gypsy Oil 
Company as a clefk in Tulsa. Next he 
was with Margay Oil Corporation for 
three years, leaving to take on the work 
of a tool pusher with the Tom Quinn 
Drilling Company in the Breckenridge- 
Ranger boom. After two years he re- 
turned to Tulsa where he worked with 
Gilliland Oil Company and McMan Oil 
& Gas Company prior to engaging in 
business on his own account. 
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William K. Warren speaking to members of the Natural Gasoline Association of America, upot 
the occasion of presentation to him of the Hanlon Award in recognition of his activities 
advancement of the industry. 


Faithful Servants 


Clocks that operate on the impulse 
caused by minor changes in temperate 
were presented to four retiring officers 
of the American Petroleum Institute a 
a meeting of the institute’s board held 
on April 23. The gifts, characterized by 
R. Van der Woude, of Shell Union Oi 
Company, chairman of the gift commit 
tee, as’ “symbols of faithful service” weft 
presented to George A. Hill, Jr., Hout 
ton Oil Company of Texas, Houston, the 
institute’s vice president for production 
from 1934 until 1946; O. D. Donnell 
Ohio Oil Company, Findlay, Ohio, trea® 
urer from 1935 until 1946; Eric V. 


Retiring officers of the American Petroleum Institute were presented with self-winding clocks, . ‘cif 
=< long ey Mer a a at the recent quarterly meeting of the board of directors. hie a =o Read oe: 
e, to right: President William R. Boyd, Jr., who made the presentations; George A. Hill, Jr., from 1938 until 1946, and J. Howatl 


Houston Oil Company of Texas, Houston, AP! vice president for production, 1934-1946; Eric V. 
Weber, Eureka Oil Company, Cincinnati, Ohio, vice president for marketing, 1938-1946; and 


- Pew, recently-retired president of Sm 


O. D. Donnell, Ohio Oil Company, Findlay, Ohio, treasurer, 1935-1946. Oil Company, vice president for refit 
J. Howard Pew, recently-retired president of Sun Oil Company, Philadelphia, and vice president ing from 1938 until 1946. 
for refining, 1938-1946, received his award in absentia. The presentations were made by Wit 
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liam R. Boyd, Jr., president of the insti- 
tute, who praised the retiring officers 
for their long and faithful service to the 
organization and the industry generally. 


New Editor 


With this issue L. S. Daniels becomes 
editor of PrerroLteum Reriner. For the 
past year he has been associate editor, 
a post he took upon coming to the pub- 
lication from The M. W. Kellogg Com- 
pany, New York. 

During the year Daniels has spent 
much time in contact with the personnel 
of the industry, having been away from 
Houston perhaps most of the time. This 
policy of keeping up personal contact 
will be continued and he has plans for 
other trips during the summer. These 
will take him into territories not previ- 
ously visited. 

Daniels succeeds Grady Triplett, who 
has resigned to devote more time to 
personal affairs; however, he will con- 
tinue to give assistance to the editorial 
staff in a consulting capacity as needed 
for several months 


Tolpin to Indiana 


« J. G. Tolpin, formerly with Universal 
Oil Products Company, has been ap- 
pointed to the new position of editor of 
foreign technical information in the 
development and patent department of 
Standard Oil Company (Indiana). He 
will study foreign scientific and tech- 
nical publications and report on matters 
of interest to the company in connec 
tion with its expanded development and 
research program. 

From 1937 until recently Tolpin was 
editor of the Survey of Foreign Petro- 
leum Literature, a weekly service which 
reviewed for 15 oil and chemical com- 
panies in the United States the progress 
of Russian research in oil refining and 
chemistry. He designed and teaches 
courses of Russian for scientists at 
Northwestern University and is a vis- 


J. G. TOLPIN 


“a mechanical engineer at its 


iting lecturer in scientific Russian at 
the University of Chicago. As a stu- 
dent of foreign scientific literature for 
20 years, he has written articles and 
also given addresses before various sci- 
entific and technical audiences. He has 
also been engaged in organic-chemistry 
research and consulting work. 

A native of Russia and now a citizen 
of the United States, Tolpin was grad- 
uated in chemistry from the University 
of Kiev and received ‘his master’s de- 
gree in chemical engineering from Col- 
umbia University. He spent two years 
doing graduate work at the University 
of Jena, Germany. He is a Fellow of 
the American Institute of Chemists and 
a member of the American Chemical So- 
ciety and its petroleum division, as well 
as of other professional groups. 


Levy Medal Award 


Everett M. Barber and Jay B. Malin, 
both of The Texas Company’s Beacon 
Research Laboratories, and Joseph J. 
Mikita, of E. I. du Pont de Nemours & 
Company’s petroleum chemicals division, 
were awarded Levy Medals of The 
Franklin Institute on April 16. The 
medals were “in recognition of their 
outstanding paper ‘The Elimination of 
Combustion Knock,’ appearing in ‘the 
April, 1946 issue of The Journal of The 
Franklin Institute.” At the: same cere- 
mony, certificates of merit were pre- 
sented to Dr. Peter J. Mulder and Dr. 
Joseph Razek “in consideration of their 
perfection of a means for making rapid, 
automatic color comparisons and anal- 
yses of opaque and translucent materi- 
als, and of light sources.” 

Barber received his B.S. degree in 
1931 and M.S. in 1933 from Pennsyl- 
vania State College. In 1933 he entered 
the employ of The Texas Company as 
Seacon 
laboratory. Except for one year at 
Harvard University, he has been with 
this company, and now is supervisor of 
the engineering research department. 

Malin received his B.S. in mechanical 
engineering from University of Utah in 
1941, and immediately thereafter joined 
the staff of the Beacon laboratory where 
he is a mechanical engineer. 

Mikita received his B.S. degree in 
mechanical engineering in 1932, M.S. in 
1933. and was a research assistant at 
Pennsylvania State College until 1936. 
In 1930 he joined The Texas Company’s 
Beacon laboratory, and in 1943 became 
associate director of research of the re- 
fining department at the company’s New 
York office. In 1946 he resigned to be- 
come director of the engineering labora- 
tory of the petroleum chemicals division 
of E. I. du Pont de Nemours & Com- 
pany, Wilmington, Delaware. 

The work for which the 1947 Levy 
Medal was awarded concerns the nature 
of combusion knock in the internal-com- 
bustion engine. From experience in the 
operation of otto- and diesel-cycle en- 
gines, it appears that the fuel ignition 
quality requirements of these engines 
have their origin in the residence of com- 
bustion air-fuel vapor mixture for an 
appreciable time at combustion chamber 
pressures and temperatures. This 
thought led to the speculation that it 
should be possible to carry out a com- 
bustion process quite independent of fuel 
quality by arranging the physical cir- 
cumstances so that the residence time of 


Combustible mixture at combustion- 
chamber temperatures is made vanish- 
ingly small. Experimental investigation 
shows that when combustible-mixture 
residence time is made quite brief, en- 
gine operation is obtained which is inde- 
pendent of octane or cetane number, and 
that this independence of fuel-ignition 
quality is preserved over a wide range 
of engine-operating conditions. 


Phillips Elects Keeler 
Vice President, Refining 


W. W. Keeler has been elected vice 
president, refining department, of Phil- 
lips Petroleum Company, succeeding 
W. G. Hiatt, who died April 12. Keeler 
has been manager of the company’s re- 
fining department since October, 1945, 
was assistant to the vice president in 
1944, and technical assistant to the vice 
president in 1943. During 16 years with 
the refining department he worked at 
both Kansas City and Borger refineries 
as a chemist, control chemist, process 
engineer, chief chemist, night superin- 
tendent, assistant manufacturing super- 
intendent and chief process egineer 
His connection with the company started 
in 1924 as a member of the engineering 
department, then in the gasoline depart- 
ment and in the research department. 
However, he was not employed by the 
company continuously until 1929 because 
he combined working and attending 
Kansas University, where he studied 
chemical engineering and mechanical en- 
gineering. 

During the war Keeler spent a year 
in Mexico’ as project manager during 
construction of a Petroleos Mexicanos 
refinery at Mexico City, a project for 
which the United States government 
supplied materials, and for which Phil- 
lips Petroleum Company was_techni- 
cal supervisor at the instance of the 
Washington government. Keeler als 
served as Panhandle area chairman on 
the District 2 and 3 technical sub- 
committees of the refining committee of 
PAW, and a eatalytic cracking sub 
committee of PAW. 


W. W. KEELER 
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HERE is a wealth of up-to-date practical 
information and instructions for working B&W 
Croloy tubes and pipe of the ferritic, air- 
hardening type, containing 1% to 9 percent 
chromium. Valuable data is presented in 
tabular form for ready reference of everyone 
working with these heat-resisting tubular 
| products for super-heaters, heat exchangers, 
furnaces and high-temperature lines. 
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The Place of Natural Gasoline and 
The NGAA in the Petroleum Industry 


J. H. DUNN, *President, Natural Gasoline Association of America 


a EONE suggested that I talk on 
this occasion about “shortages” in the 
natural-gasoline and cycling industry, but 
I rejected that as a subject because my 
experience in the industry has convinced 
me that shortages are only temporary 
and short-lived. I had rather talk about 
ways and means of accomplishing for 
the industry adequate supplies of our 
products in their proper place in an 
overall hydrocarbon balance and natural- 
resource-conservation program. 

As an industry we do not expect to 
prosper at the expense of others because 
of shortages, and on the other hand we 
have the right to expect that our prod- 
ucts be given their proper place on a 
competitive basis of value in the overall 
petroleum-supply-and-demand picture. 
Too often in the past, however, we in 
the natural-gasoline industry have not 
been properly compensated for the fruits 
of our labors because our products have 
not found a steady flow into the arteries 
of the great integrated petroleum manu- 
facturing systems. 

Therefore, having been so many times 
exposed to the “hot sands” of distress 
market conditions, we must admit that 
we do enjoy these brief periods when 
for one reason or another our products 
are accepted on a continuous-flow basis. 
The industry traditionally in times of 
adequate supplies of crude oil has suf- 
fered from distressed prices by reason of 
its lack of integration, the general ap- 
plication of high-cost transportation, and 
seasonal storage of production. 

We would like to believe that the at- 
mosphere of smugness which is so evi- 
dent at this convention, is founded on 
the assurance that we at last have come 
to the place where we can expect a 
stable market for our products at a com- 
petitive price level, and that, I submit, 
would be good—good for all of us, It 
would be good for conservation of nat- 
ural resources not only from the stand- 
point of greater recoveries—but equally 
as important—greater utilization. 

Unless it is true that our products can 
enjoy such acceptance, we can only 
come to the conclusion that our present 
feeling of satisfaction is the result of an 
abnormality, in which case we are riding 
for another fall. 


Situation Needs Careful Analysis 


The situation today, as always, calls 
for careful analysis as to what makes the 
machinery “click.” The industry must 
find, recognize and safeguard the factors 
that will make permanent -.a situation 
that more nearly approaches the eco- 
nomic balance. How else can we in this 
industry get away from our constant 
“fear of artificial economic stability? 

If we exclude the three war years of 
1943, 1944 and 1945, our experience has 


* President, Shamrock Oil and Gas Co., 
Amarillo, Texas. Presented before the Twernty- 
Sixth Annual Convention, Natural Gasoline 
Association of America, Baker Hotel, Dallas, 
April 24, 1947. ; 
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been that the average monthly low price 
of 26-70 natural gasoline on an annual 
basis has amounted to only 46 percent 
of the average monthly high in each 
year. The maximum variation in that 
period resulted in the average monthly 
low price being less than 25 percent of 
the average monthly high price. The 
year showing the most stable price was 
1939 when the low price amounted to 59 
percent of the high. In 1946 the low 
price was only 55 percent of the high 
price. 

Far too many natural-gasoline plants 
outside of an integrated system have 
been cut adrift by the instability of the 
market for their products and prema- 
turely forced into abandonment. But 
many more have never been built for the 
same reason. Real conservation requires 
that this situation be remedied, and it 
should be our hope that the future will 
bring competitive prices for our prod- 
ucts on the basis of a steady flow into 
the overall petroleum-products picture. 
Then and only then can it be expected 
that the independent natural gasoline 
plant operator will be able to finance his 
plant and by prudent operations secure 
his proper place in the industry. 

Such a desirable result would be an 
objective of all concerned and would un- 
doubtedly strengthen the backbone of 
the industry. The general situation in the 
industry has been greatly improved in 
recent years as a result of its having 
been able to get away from its one- 
product dilemma. Today we enjoy rea- 
sonably satisfactory markets for propane 


and butane as mixtures in LPG and also 
in pure form. The demand for these 
products has developed rapidly on a 
basis which is independent of refinery 
requirements, thus bringing effective 
conservation through utilization of la-ge 
supplies of products which previously 
enjoyed only a very limited demand. 


Future Uncertainties 


Some of the trends I have mentioned 
are pleasant to contemplate but there is 
nothing in them to cause us to sit back 
and think we have hit a permanent jack 
pot. It is quite probable there will be 
many of the uncertainties of the past in 
our future and we need to work to keep 
going. It is that future and the place of 
this association in it that I want to dis- 
cuss with you. 

It has been a great privilege to serve 
as president of this association at a time 
when it was possible to give the industry 
such outstanding programs as that of 
last year and the one being presented 
at this convention. I am sure you will 
all agree that the papers on these two 
programs are some of the most con- 
structive and enlightening in the history 
of the association. The widespread inter- 
est and attendance at these meetings, 
each of which in its turn has broken all 
previous records, should be taken as a 
proper tribute to the program commit- 
tees in arranging for such excellent pa- 
pers. These discussions will serve not 
only for our current enlightenment, but 
as well, for valuable future reference 
through the permanent records of the 
printed proceedings. 


Association Services Reviewed 


The NGAA’s record of service to the 
industry in other detail deserves the 
commendation of all concerned. It seems 
proper at this time for us to review some 
of the association accomplishments, pur- 
poses and objectives. For those of you 
who may not know of some of the work 
under way in the NGAA committees, 4 
few of the more important studies should 


‘be mentioned. Yesterday you heard the 


report of the NGAA Nowata Road 
Tests. This was a cooperative project of 
NGAA member companies under the di- 
rection of our technical committee. 
These tests indicate that more than 
1,000,000 barrels of butane can be added 
to winter motor fuels and still give trou- 
ble-free operation for all the present-day 
cars on the road. Certainly, no one ™ 
our industry would question the value 0 
this type of research. Its benefits are 
obvious. 

Another series of road tests, much 
more comprehensive in scope, now is be 
ing planned. We hope to start this in the 
fall and the work probably will extend 
over a period of at least one year. This 
series is concerned with the anti-knock 
properties of fuels, and the relative 
merits of straight-run types of fuels 45 
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usly 
ee Yes, we mean it! Now you can get standard (single- 


stage, shaft-governed) turbines in a hurry—average 
delivery time is 15 weeks from receipt of order and 


- . complete application information. If you have an urgent 
pack replacement problem we'll do better than that. In some 
= emergencies, shipment has been made in less than half 
st in average time. 

ceep 


2 STANDARDIZATION DOES iT—Behind this drastic 
reduction in manufacturing time are two major factors: 


ob a new turbine plant now geared up for full production, 


ime 


stry and standardization of design. This standardization (on 
Fe single-stage, shaft-governed turbines) has eliminated 
will special calculations and drafting, has streamlined 
an factory operations, and made possible the stocking of 
ory practically all component parts. 


ter- 


ngs, YOU GET THESE FEATURES—G-E turbines for me- 


all 


is a chanical drives are made with the same precision and 
= attention to detail used in the building of large turbines 
not for power generation. For example: 
= @ to prevent steam leaks without use of sealing com- 
the pound, casings are given extra-smooth machine 
finishing. 

@ the built-in trip valve is provided with alloy seat 
o and trim to resist corrosion and erosion. 
= @ horizontally split packing assemblies permit quick 
wur- inspection and removal of packings. 
hes @completed turbines are tested thoroughly at the 
, 4 factory—your assurance that they will be ready to 
- start work when installed. 
oad 


- of AT YOUR SERVICE—Our turbine specialists are ready 


= to assist you in the selection of a turbine drive, and are 
an in position to give you fast shipment on standard 
o designs. Call or wire the nearest G-E Sales Office, or 
lay write Apparatus Department, General Electric Com- 


in pony, Schenectady 5, N. Y. 
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*STANDARD (single-stage, shaft-governed) mechanical-drive turt 








Standard turbines are applicable, in general, for ratings up te 
800 hp. The shaft governor used on standard turbines has a regula 
tion of 8 per cent and a speed adjustment range of 1.1 to 1. 

The standard units are part of a complete line of G-E turbines 
covering a full range of horsepower ratings and a wide variety o: 
steam and speed conditions. Characteristics of governor type 
available (in addition to the standard shaft governor) are a 
follows: 

OIL GOVERNOR 
Regulation: 8% 
Range of adjustment: 3 to 1 
OIL RELAYED-GOVERNOR 
Regulation: 4% 
Range of adjustment: 
ELECTRIC GOVERNOR 
Regulation: 0.5% 


8tol 


Range of adjustment: 30 to 1 
The extremely fast delivery of 15 weeks applies to the standa 
(shaft-governed) units only. Delivery time of other units is long- 
depending upon engineering and manufacturing requirements. 
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compared with highly cracked stocks 
with respect to engine deposits, varnish 
and sludge. We have reason to beliéve 
the paraffinic stocks,will show to advan- 
i in these tests. This is a big under- 
taking and will justify the cooperative 
effort of every interested party. It will 
take both money and manpower to carry 
to conclusion but the result may be the 
answer to the question, “Where do we 
go from here?” with both our light ends 
and the natural gasolines from which 
my may have been extracted. 

rom these tests is sure to come some 
valuable information on blends; infor- 
mation which eventually must result in 
finding for the industry the proper place 
for the utilization of its products in the 
overall hydrocarbon balance. This not 
only will contribute to greater prosperity 
for the industry but substantially in- 
crease our contribution to the conserva- 
tion of natural resources. 

Another NGAA Committee assign- 
ment of definite interest to every plant 
operator is the correlation of plant-con- 
trol tests. The maintenance of plant- 
operating efficiency to some extent can 
be shifted from technical engineers to 
other plant personnel. The use of fre- 
quently calibrated quick tests which can 
be performed by non-technical plant men 
will make this possible. We know that 
there are many such tests now in use at 
plants, and the first move has been to 
accumulate as much information as pos- 
sible about them. This committee will 
correlate all existing information on such 
tests and will issue a report on some 
practical procedures which are in use in 
the industry. 

Another NGAA committee activity is 
concerned with studies of improvements 
in the control of separation and syn- 
thesis processes which might result from 
broader use of infrared and ultravielet 
spectrophotometry. Unquestionably 
these methods offer tremendous im- 
provements over other common analyti- 
cal techniques. They also offer some ap- 
plication to the automatic control of 
processes, particularly fractionation. Ac- 
cordingly, the NGAA technical commit- 
tee is undertaking a comprehensive study 
of all such tests with a view to recom- 
mending their use wherever they are 
proven practical and efficient 


Operators’ Manual in Preparation 


There seems to be no question about 
the need in our industry for a good “ope- 
rators’ manual.” Every company would 
like to have an authoritative publication 
of this kind to distribute throughout its 
organization. The value of such publica- 
tions in vocational training and for ref- 
erence purposes for field and plant men 
has been amply illustrated by the suc- 
cess of the American Petroleum Insti- 
tute with the series of manuals pub- 
lished under its sponsorship. The many 
changes which have come in recent 
years have made necessary a specialized 
and comprehensive version of the man- 
ual on modernized natural gasoline and 
cycling operations. The NGAA has be- 
gun the preparation of material for such 
a publication, and the separate chapters 
are being written by individua! members 
of the technical committee. Each of 
these men is serving as the chairman of 
a sub-group made up of specialists 
chosen from the membership of the Nat- 
ural Gasoline Supply Men’s Association. 
As the material is gathered if is cut and 
edited with the result that the compila- 
tion contains as far as possible only es- 
sential and authoritative information, 
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written in easily understandable terms. 
It can be reported at this time that some 
of the chapters have been completed and 
several,others are well along. We hope 
that the manual will reach the presses 
before the first of the year. May I pause 
at this point to say that the cooperation 
of the supply men in this undertaking is 
very much appreciated, 

Another problem being investigated is 
concerned with high-pressure absorption 
in the range between 500 and 3000 psi. 
While this would seem to be more inter- 
esting to the cycling operator, it wilt 
also have useful application in connec- 
tion with the desigm’and operation of 
some of the modern gasoline plants. 
Here again the project begins with the 
collection and correlation of all existing 
information with a view to establishing 
reasonably accurate empirical data for 
operational guidance in the industry. 


LPG Specifications 


In the field of liquefied petroleum 
gases the technical committee is review- 
ing all present specifications and test 
methods. An effort is being made to find 
practical methods for determining the 
character and percentage of various sul- 
phur compounds in these gases. These 
methods are not expected to replace the 
present NGAA total-sulphur method but 
rather to supplement it. Some thought is 
also being given to the publication of 
specifications and test methods for pure 
hydrocarbons. This would include “yard- 
sticks” of quality for such products as 
pure propane, butane, isobutane and iso- 
pentane. 

During the past year we have submit- 
ted to the American Society for Testing 
Materials three NGAA standards for 
their consideration for the adoption as 
ASTM standards. The standards submit- 
ted were the association’s LPG specifica- 
tions and test methods, the hydrometer 
method for, determining the specific 
gravity of liquefied petroleum gases and 
the LPG volume-correction factors. The 
first two are now before a newly created 
ASTM group known as Technical Com- 
mittee H on Light Hydrocarbons,.a sub- 
group of Committee D-2 on Petroleum 
Products. The third is in the hands of 
Section XV of Committee D-2. NGAA 
has direct representation on all these 
groups and follows their discussions 
closely. The technical committee of the 
NGAA will be constantly informed on 
the progress in these discussions and will 
have opportunity to review and discuss 
any revisions which may be proposed. 
NGAA likewise has direct representation 
in the American Standards Association 
and the technical committee is kept in- 
formed on the work of that important 
group. All these contacts with national 
societies are important to the industry. 
An organization such as ours not only 
has the opportunity of presenting its 
own standards to these groups but of re- 
viewing those presented for adoption by 
other organizations, thus providing: a 
means of obtaining the greatest possible 
accuracy for standards to the benefit of 
all concerned. 


Study of High-Pressure Operations 


It would be difficult to overestimate 
the value to the cycling industry of 
NGAA studies of high-pressure-gas ope- 
rations. Yesterday you heard the report 
of the NGAA corrosion research project 
committee. This cooperative project, in 
which a number of non-member com- 
panies also participate, is one of the most 
valuable undertakings of recent years. In 


the course of the three operating years, 
these studies have progressively yielded 
information which has had immediate 
valuable application in operating prac- 
tices. NGAA, being a service organiza- 
tion, is glad to sponsor these cooperative 
projects. The association frequently has 


had the financial support of non-member. 


companies in these projects, because of 
the general interest of the industry in 
solving these vitally important operating 
problems. When such cooperative proj- 
ects are undertaken a special fund is 
created through individual subscription 
by interested member and non-member 
companies. 

Other important NGAA studies of 
high-pressure gases are being carried on 
by the high-pressure-gas-sampling com- 
mittee. Following several years of co- 
operative field testing, this committee is 
ready to begin correlating results ob- 
tained by the various individual com- 
panies during the past year with the data 
developed in the field tests. The primary 
objective of this work is to formulate 
recommended procedures for obtaining 
representative samples of two-phase, 
high-pressure-gas streams and a tenta- 
tive method for determining the specific 
gravity of such gases. 

Rounding out the high-pressure-gas 
program is another problem concerned 
with measurement of these gases and in- 
volves the use of super-compressibility 
factors. Our friends in the California 
Natural Gasoline Association have de- 
veloped a tentative standard table of 
these factors, and it is our desire to co- 
operate with them in any studies re- 
quired to make such factors easily ap- 
plicable in practical field operations. 

Having mentioned CNGA, I want to 
state that we appreciate the opportunity 
of discussing with them our problems of 
mutual concern and hope that such dis- 
cussions will continue to reflect the 
progress of the industry. There are a 
number of CNGA representatives at this 
convention, and we want them to know 
that they are more than welcome. 

NGAA studies selected for discussion 
in this paper are some of the more im- 
portant problems to which the associa- 
tion addresses itself. Some of this work 
by continuation and expansion will ac- 
count for much of our efforts in the fu- 
ture. There is, however, much more that 
this association can and shduld do for 
benefit of the industry. 

Few of you realize, I am sure, that 
this association operates with a perma- 
nent staff consisting of an executive sec- 
retary and his office assistant. All ex- 
penditures, exclusive of special research 
project funds, come within a budget of 
less than $25,000. The accomplishments 
of the association, therefore, must 
considered the more remarkable in the 
light of these facts. 


“Where Do We Go From Here?” 


We have been asking ourselves for 4 
long time, “Where do we go from here 
with out products?” The best we have 
been able to do so far is to partially 
answer that important question. In the 
service of the industry, however, the as 
sociation must continue its efforts to 
ward a more complete and satisfactory 
solution in the light of the ever-changing 
conditions in the industry. I, for one, De 
lieve that the time has come when We 
should ask ourselves the question als®, 
“Where do we go from here with ouf 
association ?” 

By reason of its splendid record of 
service and accomplishments for the 
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benefit of the industry and all interested 
parties, the Natural Gasoline Association 
of America is entitled to the active sup- 
port of everyone who has an interest in 
the manufacture of natural gasoline, 
cycling products, and derivatives thereof. 
The effectiveness of the work of the as- 
sociation always has been in direct pro- 
portion to the willingness of the mem- 
hers to participate in the solution of the 
industry's problems by the generous con- 
tribution of specialized talent. Sometimes 
it has seemed to a few that the burden 
has not been evenly distributed. It 
should be borne in mind, however, that 
regardless of membership or non-mem- 
bership in the association the informa- 
tion obtained by means of the associa- 
tion’s investigations has been made avail- 
ible to any and all interested parties, 
and there has been complete publication 
§ such information. Further, the asso- 
iation always has maintained its inde- 
pendence in conducting its work on an 
mpartial and informative basis. 

My purpose in discussing these mat- 
ters with you has been to review and 
mphasize for your attention the. con- 
structive work done by NGAA; work 
vhich reflects credit on all who have 
participated. It is my hope that this dis- 
ussion may serve to stimulate a greater 
ipreciation of the importance of the 
ssociation’s activities throughout the 
ndustry and, more important still, a 
roader and more active participation by 
ll concerned. 

There is much more constructive work 
to be done but there are limitations on 
the volume of work that can be done by 
the association as presently constituted. 
lt needs and merits the support of a 
roader section of the industry, in terms 
f both men and money, if it is to 
roaden its service and maintain its high 
standards. It seems to me that you in 
the industry, but particularly those of 
ut who withhold your active support, 
ave the answer to the question, “Where 
»we go from here with our associa- 


m? 









































AP! Adds Four 
Marketers to Board 






Four new directors were added to the 

ard of the American Petroleum Insti- 
lute at a meeting of the board in Wash- 
ington, April 23. They are Russell 
Williams, Indianapolis, president of In- 

vidually Branded Petroleum Associa- 
ton; R. L. Kent, Kent Oil Company, 
Salina, Kansas; Don Dickey, president 
t Northwest Petroleum Association, 
Minneapolis, and John L. Harper, 
Harper Oil Company, Long Island City, 
New York. They are marketers and 
were nominated for directorships by the 
general marketing committee at its 
meeting April 1-2. The marketing com- 
mittee was authorized by the directors 
0 imcrease its membership from 50 to 
in order to provide more widespread 
jobber and dealer representation. 

The board discussed the public-rela- 
‘ons program of the industry and con- 
ttrred, by resolution, with the report of 
‘te public-relations committee, presented 
‘y its chairman, John M. Lovejoy. 

he board also heard a progress re- 
Port on the status of legislation relating 
‘0 the pricing of natural gas in the field 
'y the Federal Power Commission from 
tank M. Porter, Fain-Porter Drilling 
Company, Oklahoma City, and a brief 
‘port from Treasurer L. S. Wescoat, 
he Pure Oil Company, Chicago. 
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SO EASY ON THE EYES! 





In this sensational new thermometer with 
Extruded Case, Palmer has combined ac- 
curacy with far greater visibility and attrac- 
tive appearance. You get a beautiful standard 
chrome finish—at no extra charge. Other 
new features include “snap-on cap”; double- 
strength, non-rattling glass; dustproof, fume- 


proof case. 


Not since the 


other makes .. . 


Bring your old thermometers (any 
make) up-to-date—securing new ex- 
truded case, 





Recording 
Thermometer 
12 in. die-cast alumi- 
num case. Electric or 
spring clock 12, 24 hour 
or 7 day charts avail- 
able in all ranges. 
Fountain pen standard. 


PALER 


TRERROMEAGS VAC. 





introduction of “Red- 
Reading-Mercury” by Palmer, has there been 
such an important contribution to the indus- 
trial thermometer field. Palmer Extruded 
Brass Case Thermometers cost no more than 
offer far more! Write for 
Bulletins Nos. 46-2 and 46-3 today. 


Write for information. 


SEE THIS NEW 


PALMER 


with STANDARD 
CHROME FINISH 








Palmer “Superior” Recording 
and Dial Thermometers are 
Mercury Actuated. Extreme- 
ly accurate and sensitive. 
Constructed for long service. 
Flexible armoured tubing 
and bulb of stainless steel. 
All ranges up to 1000F or 
550C. 












in 7, 9, and 12 inch 
case sizes with 
chrome finish; in 4 
and 6 inch sizes 
with durable nickel 
fin'sh. 





Fully compensated 8’ 
round case. Standard 
available for all 


. Equipped with 

micrometer adjusted 

hand. Atomic welded 
construction, 


Mfrs. of Industrial, Laboratory, 
Recording and Dial Thermometers 
2513 Norwood Ave., 
Cincinnati 12, Ohio 
Canadian Plant: 

King and George Sts., Toronto 2 
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...when you install caps and trays gob 
twen 
las. 
of MONEL or INCONEL ar. 
recor 
Natu 
ciatio 
tion 1 
tom. 
were 
The 
Chris 
land | 
Gibbs 
geles, 
Philac 
Gas | 
RUGGED RESISTANCE B °" 
to corrosion. Monel bubble + cee 
cap and tray assembly with- 
stands hydrochloric acid re- 
sulting from hydrolysis of _ The 
salts in crude. For high-tem- aon W 
perature applications, Inco- 23 wi 
nel is the preferred metal. with ¢ 
Photo courtesy of the fabri- The | 
cator, Fritz W. Glitsch & Prog 
Sons, Dallas, Tex. rosion 
sented 
Bacon 
Dallas 
group 
rojec 
c Ref 
I n two Inco Nickel Alloys— Monel* and 500° F. Monel withstands such commonly- on the 
Inconel* — you find all the properties de- met refinery corrosives as sulfuric acid, — 
manded in cap and tray assemblies. caustic soda, brine, salt water... and the injectic 
. ‘ ; ; ; ; compl 
Both metals are corrosion-resistant .. ; dilute concentrations of hydrochloric which ee 
strong ... tough ... ductile result from hydrolysis of brine in crude. several 
a} 2¢ ’ . ’ present 
Their surfaces are smooth. And they stay In hot-end service, however, — a want these. 
that way, don’t coke or foul ... keep cleaning Inconel. It’s more resistant to oxidation and P A “] 
‘inte "lea to sulfur attack at high temperatures. Fights deeerio 
: corrosion by naphthenic acids, too. — 
. With — “ng Menge a a rea p08 A wide range of designs is possible with ol 
mastal © er reat y ia = - - ne either Monel or Inconel. Both are readily = } 
‘ - ‘ ests c. 
assemblies lighter. rae wees: nec igs ae fabricated. They can be cut, bent, formed, 1942 “ 
stall. And lets you uti — ‘ - rind machined and welded by ordinary shop ra 
area to best advantage . . . install more caps methods. They need no heat treatment after lieer 
eh ee fabrication. sts w 
p eet 
How do you decide when you need Before you choose a metal for cap and were f 
Monel? How do you decide when you need tray assemblies, be sure to consider all the 4 J. S 
Inconel? advantages of Monel and Inconel, the cussed 
Monel is generally the right metal where strong, tough metals that bring you im- = “a 
operating temperatures do not exceed proved overall performance. and the 
Presente 
Write for Technical Bulletin C-2 . . .“Monel, Nickel and Inconel in Oil Refining” Hlamon, 
Ne pro| 
THE INTERNATIONAL NICKEL COMPANY, INC., 67 WALL STREET, NEW YORK 5, N. Y. = indt 
Is ing . 
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THE MONTH IN THE INDUSTRY 


‘ 








NGAA Session Discusses Future 
Of Natural Gasoline Optimistically 


Members of the Natural Gasoline As- 
sociation of America discussed present 
problems and future prospects in their 
twenty-sixth annual convention at Dal- 
las. April 23 through 25. Attendance, 
approximately 900, exceeded all earlier 
records, and included members of the 
Natural Gasoline Supply Men’s Asso- 
ciation who participated in the conven- 
tion in accordance with established cus- 
tom. New NGAA officers for 1947-48 
were elected as follows: C. R. Williams, 
The Chicago Corporation, Corpus 
Christi, president; Henry Brown, Mid- 
land Gasoline Company, Houston, R. D. 
Gibbs, Union Oil Company, Los An- 
geles, James E. Pew, Sun Oil Company, 
Philadelphia, and A. H. Weil, United 
Gas Pipe Line Company, Shreveport, 
vice presidents; William F. Lowe, Tulsa, 
secretary-treasurer. 


Technical Sessions 


The technical sessions of the conven- 
tion were initiated the afternoon of April 
23 with a group of papers concerned 
with cycling operations. C. R. Williams, 
The Chicago Corporation, presided. 
“Progress report, 1946-1947 NGAA cor- 
rosion research project committee” pre- 
sented by committee chairman T. S. 
Bacon, Lone Star Producing Company, 
Dallas, reported recent activities of this 
group and progress on the assigned 
projects. H. L. Hensley, Humble Oil 
& Refining Company, Houston, talked 
on the subject, “Application of Cycling 
to Gas-Injection Below Normal Gas- 
Water Contact.” It was stated that the 
injection of gas through edge wells 
completed below the normal gas-water 
contact is being applied successfully in 
several cycling projects, and the paper 
eeents a summary of experience with 
these. 

A “Mobile Laboratory for Gas Con- 
densate Studies” was the subject of a 
descriptive report by E. H. Koepf, The 
Atlantic Refining Company, Dallas. 

K. C. Bottenberg, Phillips Petroleum 
Company, Bartlesville, gave a report, 
“The Nowata Road Tests,” describing 
tests conducted with 16 cars, mostly 
1942 and 1946 models, to determine 
their vapor-pressure tolerance for free- 
dom from vapor lock in the atmospheric 
temperature range of 30 to 75° F. Re- 
sults were tabulated. 

Meetings the morning of April 24 
were presided over by J. R. Butler, 
ot J. S. Abercrombie Company. J. H. 
Dunn, 1946-1947 NGAA president, dis- 
cussed “The Place of Natural Gasoline 
and the NGAA in the Petroleum _Indus- 
try” (See page 158). “Public Opinion 
and the Future of the Oil Business” was 
Presented by Jake L. Hamon, Cox and 

amon, Dallas, drew a parallel between 
the problems met by the natural-gaso- 
line industry several years ago in estab- 
lishing stable operating and marketing 
Practices and acceptance of its products, 
and the present problems of the petrol- 
tum industry as a whole in fostering 
avorable public opinion. Plans and pro- 


gress of current public-opinion efforts 
were discussed. 

Earnest O. Thompson, Chairman, 
Texas Railroad Commission, talked on 
“Octane Versus Conservation,” (See 
page 86). 

The morning meeting concluded with 
the presentation by J. H. Dunn of the 
Hanlon Award for individual meritor- 
ious service to the natural-gasoline and 
cycling industries, to William K. War- 
ren, Warren Petroleum Corporation, 
Tulsa. (See page 154.) 

The afternoon meeting April 24 was 
held under the chairmanship of James 
E. Pew, Sun Oil Company, and included 
a paper by William S. James, Automo- 
tive Research Department, Ford Motor 
Company—“Motor Car Trends and De- 
sired Fuel Characteristics,” and pre- 
pared discussion of this topic by Frank 
A. Suess, Continental Oil Company, 
Ponca City. It was stated that change in 
engine design is a much slower and 
less flexible process than change of 
motor-fuel specifications on the part 
of the oil industry. Engine design in 
general will follow the availability of 
higher-octane fuels to utilize their ad- 
vantages, but radical changes should 
not be expected. 


Trends in Fuels 


“Trends in the Consumption and 
Quality Characteristics of Petroleum 
Fuels” was the subject of a paper by 
William M. Holaday, R. E. Albright, 
T. L. Apjohn, and E. F. Miller, all of 
Socony-Vacuum Oil Company, New 
York. (See page 79). 

“Natural ‘Gasoline Looks Ahead,” by 
G. G. Oberfell; vice president, and R. C. 
Alden, director of research, Phillips Pe- 
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Conventions 

May 

21-24—Oil and Gas Power Division, 
American Society of Mechanical 
Engineers, Cleveland, Ohio. 

23—Western Petroleum Refiners As- 

sociation, Regional Meeting, 
Blackstone Hotel, Fort Worth, 
Texas. 

27-30—Gas Technology Short: Course, 
Texas College of Arts and In- 
dustries, Kingsville, Texas. 


June 
2- 3—American Petroleum Institute 
Division of Refining, Midyear 
Meeting, Jefferson Hotel, St. 
Louis. 
6—Western Petroleum Refiners As- 
sociation, Regional Meeting, 
Broadview Hotel, Wichita, Kan- 


sas. 

23-25—American Chemical Society, Mid- 
west Regional Meeting, Kansas 
City, Missouri. 


September 

15-17—National Butane-Propane Asso- 
ciation, Jefferson Hotel, 8t. 
Louis. 

17-19—National Petroleum Assocfation, 
Hotel Traymore, Atlantic City, 
New Jersey. 


29- 3—American Gas Association, San 
Francisco. 

October 

21-25—Pacific Chemical Exposition, San 
Francisco. 

November 

10-13—-American Petroleum Institute, 


Stevens Hotel, Chicago. 











troleum Company, was the final paper 
of the meeting. (See page 91). 


Questions and Answers Session 


Final technical meeting of the con- 
vention was an “Information Please” 
session the morning of April 25. Mod- 
erator for this period was D. E. Buch- 
anan, Hiwan Oil & Gas Company, 
Houston. A “panel of experts” made 
up of a section for plant and field opera- 
tions that included G. W. McCullough, 
Phillips Petroleum Company, Bartles- 





Officers of the Natural Gasoline Association of America elected at Dallas, April 24. Left to right: 
A. H. Weil, vice president; C. R. William, president; J. E. Pew, vice president; Henry Brown, vice 
president, Wm. F. Lowe, secretary-treasurer. R. D. Gibbs, vice president, not present for the picture. 
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rue Wontn--- 


ville; D. N. Barrow, Arkansas Fuel Oil 
Company, Shreveport; I. Earl Nutter of 
Hagy, Harrington, and Marsh, Ama- 
rillo, and Charles W. Miller, Midland 
Gasoline Company, Conroe, Texas; a 
section devoted to processing and con- 
struction made up of H. M. Nelly, Jr., 
Refinery Maintenance Company, Comp- 
ton, California, and F, W. Bell of Brown 
&. Root, Inc., Houston; consultant on 
refining operations, W. W. Schéeumann 
of Cities Service Oil Company, Lake 
Charles; consultants on research, G. G. 
Brown, University of Michigan and 
M. W. Kibre, General Petroleum Cor- 
poration, Los Angeles; consultant on 
safety, Henry Boggess, Sinclair Prairie 
Oil Company, Tulsa; section for cycling 
operations, Z. C.. Ambrose, The Chicago 
Corporation, Corpus Christi, and Max 
Riley, Anco Gas Corporation, Palestine, 
Texas; consultant on turbines and turbo 
blowers, B. L. Spain, Ingersoll-Rand 
Company, New York, and consultant on 
liquid .metering, A. J. Kerr, Pittsburgh 
Equitable Meter Division, . Pittsburgh. 
Question. screening committee for the 
program was composed of F. B. Haver- 
field, Continental Oil Company, Ponca 
City; Allen T. Givens, Coltexo Corpo- 
ratiédn, Montoeée, Louisiana; M. R. 
Church,. Shell Oil Company, Houston; 
H. W. Manléy, Barnsdall Oil Company, 
Tulsa, and A: H. Weil, United Gas Pipe 
Line Company, ‘Shreveport. 

Natural Gasolirf® Supply Men’s Asso- 
ciation officials elected during the con- 
vention for the 1947-1948 period include 
John Heinzerling, Vinson Supply Com- 
pany, Tulsa, president; Roy Bush, 
Nordstrom Valve Division of Rockwell 
Manufacturing Company, first vice pres- 
ident; J. A. Knebel, of H. K. Porter 
Company, Tulsa, second vice president; 
J. N. McClure, The Elliott Company, 
Houston, treasurer, and William F. 
Lowe, secretary. Seven new directors 
elected by mail vote of the memiber- 
ship are V. C. Canter, Jones & Laughlin 
Supply Company, Tulsa; Heinzerling; 
L. D. McKay, Union Steam Pump Com- 
pany, Tulsa; R. T. Roberts, Goulds 
Pumps, Inc., Tulsa; H. M. Roseveare, 
Wyatt Metal & Boiler Works, Dallas, 
and Walter D. Smith, Worthington 
Pump & Machinery Corporation, Tulsa. 


Western Refiners Plan 
Two Regional Meetings 


Western Petroleum Refiners Associa- 
tion will hold two important meetings 
for its technical group: at Fort Worth, 
May 23, and at Wichita, Kansas, June 6. 

W. M. Carney, Lion Oil Company, El 
Dorado, Arkansas, will be chairman o 
the Fort Worth meeting, which will be 
at the Blackstone hotel. “Trends, Prog- 
gress, Products Disposal in Distillate 
Cycling,” by Arch L. Foster, Oil and 
Gas Journal, Tulsa, will review this 
phase of operations, and “Suspensoid 
Catalytic Cracking,” by Robert L. Pur- 
vin, consulting engineer, Dallas, will dis- 
cuss new developments in this process. 
The one-day meeting, starting at 2 p. m., 
will be concluded at a dinner session. 

The session on June 6, in the Broad- 
view hotel, Wichita, will be devoted to 
“questions and answers,” with H. L. 
Bedell, Socony-Vacuum Oil Company, 
Augusta, Kansas, as chairman, Those 
attending will have opportunity to ask 
questions on technical and operating 
problems, and hear them discussed by a 
panel consisting of five men from engi- 
neering firms and from the industry. 
This meeting will begin at 4 p. m. and 
extend through a dinner session. 


ACS Midwest Meeting 


Program Arranged 


The Fifteen Midwest: Regional Meet- 
ing of the American Chemical Society to 
be held at Hotel President, Kansas City, 
Missouri, June 23-25, will include an ex- 
tensive and well-balanced program for 
the Petroleum Group Sessions. H. 
Steininger, Standard Oil Company (In- 
diana) Sugar Creek, Missouri, secretary 
of the petroleum group for this occasion, 
has announced the following tentative 


papers: 
“Local Operation and Maintenance 
Groups: Their Objectives and Func- 
tions,” G. Wade and B. H. Eccleston, 
Bureau of Mines, Bartlesville, Okla- 
homa. 
“Superfractionation Study: Naphtha 


from Santa Barbara, Venezuela Crude 
Oil,” F. G. Schwartz, R. M. Gooding 
and B. H. Ecclesten, Bureau of Mines, 
Bartlesville, Oklahoma. 

“Construction and Operation of a 
Pilot Size Continuous Still,” C. C. Ward 
and F. G. Schwartz, Bureau of. Mines, 
Bartlesville, Oklahoma. 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; all others from American 
Petroleum Institute weekly reports, which are estimates on Bureau of Mines basis. 


(All figures in thousands of barrels—add 000) 


















































Crude Oil Gasoline Gasoil and Distillate Residual Fuel 
Trends ie | Preduction| Rumste | Stocks |Preduction| Si Preduction| Stocks | Preduction| Stocks 
Week Ended Daily |Stille Daily} Week End| Weekly |WeekEnd| Weekly |WeekEnd| Weekly | Week End 
1946: : 
January 26 4,626 4,553 13,622 | 101,737 5,720} 20,498 8,411 | 30,722 
March 2..... 4.726 4.779 | 229,430 | 13,871 | 104,462 5,888 | 25,148 8,634, 38,441 
March 30..... 4,425 4.684 | 224,904 | 13,896 104,715 5,337 | 28,240 8,788 | 37,746 
27. 4,672 4,685 | 224.443 | 14,228} 99,631), 5,568 | 30,466 9,204 | 39,404 
+ aah et: 4.759 4.857 | 222.214 14,822/| 95,769 5,463 | 32,973 8,908 | 43, 
June 20....... 4,957 4,854 | 223, 14,500 5,325 |} 37,762 8,828 | 46,447 
July 27. 4,926 4.806 | 223,756-| 14,535 | 88,626 5.817 | 44.316 8.217 | 49,517 
August 34... 4/836 4.866 | 225,672 | 14,639/ 986,251 5,649 | 51,405 8.126 | 52,061 
September 4,778 4,829 | 221, 14,538 | 85,854 5 57,903 8.158 | 56,914 
October 26 4.730 4.758 | 221,184) 1 86,423 5.710 | . 65,499 7,728 | 60,872 
November 4.795 4.707 | 225.119 | 15,145 | 88,371 5. 66,062 7, 58,647 
aos 4.713 4.968 926,111 604} 93,126 5.931 | 58,941 8.181 | 53,427 
: oH eae 4 ie hy St see it ion aod bo 4 Ht 44,919 
March 9... |: ies PS 434s 720 ii'see lores '-! $969 32,737 8,668 | 43,364 
4,930 4.725 | 234,051 | 14,213 | © 108,860 5.435 | 32.286 8.186 | 42,668 
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“Ignition . Qualities of Hydrocarbons 
in the Diesel Fuel Range,” A. D. Puckett 
and B. H. Caudle, Bureau of Mines, 
Bartlesville, Oklahoma. 

“Composition of Petroleum: Hydro- 
carbon Type Analyses of Ten Distillates 
Boiling Between 100°-600° F.,” W. C. 
Holliman and H. M. Smith, Bureau of 
Mines, Bartlesville, Oklahoma. 

“Fuel Volatility and Distribution,” 


“Charles .H.. Prien and Norman A. Parker. 


University of Colorado, Boulder, Colo- 
rado. 

“The Use of Wetting Agents in Con- 
junction with Acid Inhibitors,” P. H. 
Cardwell and L. H. Eilers, Dowell In- 
corporated, Tulsa, Oklahoma. 

“Alumina Cracking Catalysts,” V. M. 
Stowe, E. E. Marshall, L. L. Nichol, and 
R. S. Greenwood, Aluminum Research 
Laboratories, East St. Louis, Illinois. 

“The Effect of Oil on the Plastic 
Properties of Petroleum Wax and De- 
velopment of Plastitity Tests,” W. L. 
Nelson and L. D. Stewart, University of 
Tulsa, Tulsa, Oklahoma. 

“Catalytic Desulfurization and Re- 

forming of Naphthas Over Bauxite,” G. 
M. Brooner and C. J. Helmers, Phillips 
Petroleum Company, Bartlesville, Okla- 
homa. 
_ “Special Applications of Absorption 
Spectroscopy,” F. W. Crawford and C. 
K. Buell, Phillips Petroleum Company, 
Bartlesville, Oklahoma. 

“Cryoscopic Method for Determining 
Purity of Dicyclopentadiene Concen- 
trates,” Gardner C. Ray, Phillips Petro- 
leum Company, Bartlesville, Oklahoma. 

“Petroleum: A Basic Raw Material of 
the Surface Coatings Industry,” Robert 
F. Ruthruff, Sherwin-Williams Com- 
pany, Chicago, Illinois. 

“Determination of Water in Alkylation 

Sulfuric Acid,” William H. Goff, Walter 
Scott Palmer and Roland F. Huhndorff, 
The Texas Company, Port Arthur, 
Texas. 
_ “Chemical Treatment of Drilling Muds 
Contaminated with Cement,’”’ R. W. 
Jones, Stanolind Oil & Gas Company, 
Tulsa, Oklahoma. 

“Manufacture of Synthetic Gasoline,” 
Scott W. Walker, Stanolind Oil & Gas 
Company, Tulsa, Oklahoma. 

“The Relation of Motor Fuel Sensitiv- 
ity and Tetraethyl Lead Susceptibility to 
Road Anti-Knock Performance,” T. H 
Risk and Jane F. Jordan, Ethyl Corpora- 
tion, Detroit, Michigan. 

“Viscosity Function for Petroleum 
Products,” Theo. Groening, L. ©. 
Krschma and H. G. Nevitt, Socony- 
Vacuum Oil Company, Kansas City, 
Missouri. 

“Color Contamination of Petroleum 
Products Transported by Pipe Line,” L. 
V. Sorg, R. E. Dickey, Standard Oil 
Company (Ind.), Sugar Creek, Missout. 

“The Refining of South American 
Crudes,” David Read and Gustav Egloft, 
Universal Oil] Products, Chicago, IIl- 
nois. 

“The Petroleum and Agricultural In- 
dustries,” Gustav Egloff, Universal Oi! 
Products, Chicago, Illinois. 


API Lube Committee 
To Meet in Los Angeles 


Semi-annual meeting of the Lubrict 
tion Committee of the American Petro 
leum Institute will be held at the Am 
bassador Hotel, Los Angeles, on May 
20 and 21. It will be the first West Coast 
meeting of the committee. W. L. Spe 
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This Taylor Liquid Level Transmitter consists of: 
1. 3-inch ASA 150 psi Type 304 stainless steel lange. 
2. 3-inch corrugated Type 304 stainless steel diaphragm. 


3. A sensing unit. 
















Liquid level problems 


got you RUNNING 
AROUND IN CIRCLES ? 


ERE’S a liquid level transmitter that will —_ For full details write for Bulletin 98069 or ask 





save you grief—because it can’t clog up! your Taylor Field Engineer. Taylor Instrument 
The new Taylor 229R accurately measures the Companies, Rochester, N. Y., and Toronto, 
liquid level of slurries, soap, paper pulp, or any | Canada. Instruments for indicating, recording or 
other viscous or corrosive liquids containing - controlling temperature, pressure, humidity, flow 
solids. It's a simple, highly responsive instru- and liquid level. 
ment built on the force-balance principle. Usa- 
ble for liquid level ranges within the limits of e; i 
12 inches and 450 inches of water. 


Here’s how it works. The pressure of the head laylor lnstrwments 


of liquid is exerted against the diaphragm at- 
tached to the flange and is balanced by an MEAN 
equivalent air pressure in back of the dia- . 
phragm. This back pressure is transmitted to a ACCURA CY FIRST 
Taylor indicating, recording or controlling 
feceiver which can be located anywhere you 
want it for a steadily dependable indication, 
fecord or control of liquid level. 














IN HOME AND INDUSTRY 
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cer, Union Oil Company, Los Angeles, 
is in charge of arrangements. 

Business meeting of the committee 
will be held on May 20, H. S. Merriman, 
Socony-Vacuum Oil Company, New 
York, chairman of the program commit- 
tee, announced, followed by two sym- 
posia on the following day. The morn- 
ing session will be devoted to a series 
of papers and discussion on “Lubricate 
for Safety,” followed by an afternoon 
meeting on “Buy on Performance.” 

H. P. Hobart, Gulf Oil Corporation, 


Pittsburgh, general,chairman of the Lu- . 


bricating Committee, will preside. 


WPRA 1948 Meeting 
Will Be in Galveston 


The Western Petroleum Refiners As- 
sociation have selected Galveston for 
the 1948 Annual Meeting to be held in 
April, according to an announcement 
made by the board of directors during 
the 1947 Annual Meeting in San Antonio. 
The exact dates and hotel headquarters 
are to be announced later. 


ASTM Petroleum Group 


Prepares for Annual Meet 


ASTM Committee D-2 on Petroleum 
Products and Lubritants met at Wash- 
ington, March 20 through March 22, 
most of its business being devoted to 
preparation of reports for the annual 
meeting of the society to be held June 
16-20 in Atlantic City. 

Several activities of the technical com- 
mittees are of general interest. In Tech- 
nical Committee A on Gasoline an at- 
tempt will be made to develop a method 
for distinguishing between true gum and 
oil in gasoline. All of the activities on 
knock ratings, heretofore handled by 
several subcommittees, have now been 
transferred to a new division on Com- 
bustion Characteristics. This division 
will bring all the various methods for 
knock rating together.into a single book- 
let which will be useful to laboratories 
employing knock-test engines. The Re- 
search Method for octane determination 
has been recommended for publication 
as tentative, and so has the Supercharge 
Method for Aviation Gasoline. Outcome 
of these proposals is contingent on ac- 
tion by Committee D-2 and final action 
by the Society. 

Technical Committee B on Lubricat- 
ing Oils will hold its usual Symposium 
in June and will cover a number of inter- 
esting items, as follows: synthetic lubri- 
cants, special problems of gas-turbine 
lubricants, and the activities of Tech- 
nical Committee B in relation to other 
technical organizations. 

Technical Committee H on Light Hy- 
drocarbons is working on the develop- 
ment of a precision vapor-pressure test, 
since this problem is of extreme im- 
portance in aviation gasoline. It also has 
completed a proposed method of test for 
butadiene content in polymer grade bu- 
tane which will be published as informa- 
tion. Technical Committee J has reached 
agreement on specifications for aviation 
gasoline grades 91/98 and 100/130. These 
will be circulated to Committee D-2 as 
tentative specifications. 

Committee D-2 will present its Annual 
Report to the American Society for Test- 
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ing Materials on Wednesday, June . 18, 
at an aftefnoon session at Haddon Hall, 
Atlantic City. Meetings of the committee 
will precede this session. 

At the Annual D-2 Dinner the guest 
of honor is to be A. Ludlow Clayden, 
of Sun Oil Company. 


South American 
Conference Postponed 


Because of inadequate hotel accom- 
modations, the South American Con- 
gress of Petroleum is being postponed 
at the request of the Peru section of 
I.S.A.P. The announcement indicated 
that dates will be set later, since “within 
a few months a large, modern hotel will 
be completed and then we will be able 
to take care of the delegates to the con- 
ference.” 

The conference 
Lima, Peru. 


was scheduled for 


The Pure Oil Company 
Elects Wescoat President 


Henry M. Dawes, for 23 years pres- 
ident of The Pure Oil Company, has 
been elected chairman of the newly- 
formed executive committee, and has 
been succeeded as president by L. S. 
Wescoat. Rawleigh Warner, formerly 
vice president and treasurer, was elected 
chairman of the board. Members of the 
executive committee include R. W. Mc- 
Ilvain, vice chairman, Beman G. Dawes, 
Warner, Wescoat and C. B. Watson. 
Other officers include Comer Plummer, 
vice president for production; J. P. 
Langfitt, vice president for refining; 
D. D. Irwin, vice president for trans- 
portation and supply; R. H. McElroy, 
vice president for marketing; C. W. 
Snider, assistant vice president for 
marketing; Curtis Dawes, assistant vice 
president for Southern marketing opera- 
tions; G. W. Sanders, assistant vice pres- 
ident for wholesale marketing; R. W. 
Mcllvain, Jr., assistant vice president for 
production; W. V. Keeley, assistant vice 
president for insurance and taxes; J. W. 
Rees, assistant vice president for per- 
sonnel; W. J. Arnold, assistant vice 
president for accounting; R. L. Milligan, 


L. S. WESCOAT © 


. 

treasurer; C. H. Jay, secretary; J. H, 
Botkin, comptroller, and Harry L, 
Wylie, assistant treasurer. 

angfitt, since 1937 has been assistant 
vice president in charge of refining. He 
is a graduate of Lehigh University, and 
went directly from school to The Pure 
Oil Company, working on the stills in 
Marcus Hook refinery, and for the next 
12 years spent the greater part of his 
time in the company’s refineries in dis. 
tillation and process work. In his new 
assignment Langfitt takes over duties 
pertaining to refineries heretofore di- 
rected by Watson, who since 1931 has 
been a director and vice president in 
charge of refining, transportation and 
marketing. 

Watson has been with the company 
30 years. He is a graduate of Yale 
Sheffield Scientific School. Following 
post-graduate work in mining_and law 
at Yale, for eight years he worked in 
oil production. His first work with The 
Pure Oil Company. was as a consulting 
engineer, and «later he -built several re- 
fineries for the company. 

Wescoat joined The Pure Oil Com- 
pany in 1925 as general sales manager. 
He was elected vice president in 1927, 
vice president and secretary in 1932, and 
a director in 1936. Before joining the 
company 22 years ago, his experience 
had included administration of enter- 
prises controlled by a Philadelphia 
banking group. After service in the first 
World War, he joined Fisher Body 
Corporation. In 1922 he became vice 
president and general manager of South- 
western Gas & Electric Company at 
Shreveport, Louisiana. He is treasurer 
and a director of the American Petro- 
leum Institute, and chairman of the in- 
stitutes committee on highways. He is 
a director of the Automotive Safety 
Foundation and of the National High- 
way Users Conference. 


Brown Elected President 
Of Indiana Subsidiary 


Bruce K. Brown has been elected 
president of Pan American Petroleum 
Corporation, wholly-owned direct sub- 
sidiary of Standard Oil Company (In- 
diana) of which he will continue as vice 
president and director. As _ president, 
Brown succeeds Dr. Robert E. Wilson 
who becomes chairman of the board ot 
the subsidiary, he also being chairman 
of the board of the parent company. Pan 
American Petroleum Corporation has 
headquarters in New Orleans, operates 
a refinery at Destrehan, Louisiana, and 
markets petroleum products in five Cet 
tral Southern states. It is separate from 
the Pan American Petroleum & Trans 
port group. 

Brown joined Standard Oil Company 
(Indiana) in 1929, was appointed mat- 
ager of the development and patent de- 
partment in 1935, and became general 
manager of research in 1938. He was 
elected to the board of directors in 1940. 
From November, 1941, to December, 
1944, he served in the Petroleum Admit- 
istration for War and its predecessof 
organization. He was assistant deputy 
administrator in charge of the govert 
ment’s aviation-gasoline program, ane 
for many months chairman of PAWS 
domestit operating committee. Returm 
ing to the company, in 1945 he was 
elected a-vice president and took chars¢ 
of development. He now has relinquishe 
that assignment. 

Joseph K. Roberts, general manage 
of research, who has been under Brow®s 
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Of course, investigation of design features, 
construction details and materials will tell you 
the inside story of a turbo-blower, but the real 
measure of blower value is its record of low 
Power costs, low Maintenance costs and high 
Availability. This is value measured in dollars 
and cents...money you won’t have to spend. 

Looking at it this way, every Ingersoll-Rand 
turbo-blower (and we've built a lot of them) has 


Proven its value with an excellent P-M-A record. 


Ingersoll-Rand 


11 BROADWAY, NEW YORK 4, N. Y. 
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TUBE SUPPORTS 


‘ and other 
HIGH ALLOY CASTINGS 


MADE BY 


HIGH ALLOY CASTING 


‘SPECIALISTS 
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. 


There's a vast difference between carbon steel founding and 
stainless steel founding. And experience in the former does not 
necessarily mean ability in the latter. But twenty five years’ 
experience in producing high alloy iron and steel castings is 
experience very much worth buying by those in the process 
industries requiring chrome-iron or chrome-nickel castings. 


We have long specialized in this field, starting in 1922 with 
static castings and 1931 with centrifugal castings. We have the 
skilled metallurgists to help you select the proper alloy to meet 
high temperature, corrosion or abrasion. We have the experi- 
enced electric furnace operators and heat-treating foundrymen 


to produce sound castings. 
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general direction, now will report di- 
rectly to the chairman, as an independ- 
ent department head. 

Roberts graduated from University of 
Kentucky in 1925 and did graduate work 
in chemical engineering at Massachu- 
setts Institute of Technology. After re- 
ceiving his master’s degree in 1928, he | 
joined the research staff of Standard Oil 
Company (Indiana). When he was made 
director of research in 1938 at the age of 
33, he was one of the country’s youngest 
directors of a large research organiza- 
tion. He was made general manager of 
research in 1945. He is a former chair- 
man of the petroleum division of the 
American Chemical Society, and is at 
present a national councilor of the Amer- 
ican Institute of Chemical Engineers. 















Gertz Joins Purvin 
Chemical Consulting Staft 


Melvin H. Gertz, formerly with Hum- 
ble Oil & Refining Company, has joined 
the staff of Robert L. Purvin, consulting 
chemical engineers, 813-14 Southwestern 
Life Building, Dallas. 








Figure 
losing « 
conden 
much 
overco! 
by ins 
MELVIN H. GERTZ Take a 
. and co: 
Gertz graduated from the University Then « 
of Texas, where he received the B.S. and 6 
M.S. in chemical engineering. After grad- gures 
uation he served in both the laboratory Lead; 
and technical service divisions of the din; 







Humble Baytown refinery. With the 
Purvin organization, he will serve as 4 
consultant in process engineering and 
process control for the chemical and 
petroleum industries. 









Bound Volumes 


Complete volumes of Petkoreum R& 
FINER for 1941, 1942, 1943, 1944 and 143" 
are available from William Volk, 4201) 
North Clarendon Avenue, Chicago 13. His 
letter was to the effect that the first three 
volumes are bound, 1944 and 1945 unbound, 
all in good condition. 
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Power 


—can Dowell chemical cleaning 
restore for you? 


Figure it in dollars and cents: How much power are you 
losing due to accumulations of scale and sludge in boilers, 
condensers and other heat-exchange equipment? How 
much is it costing you for the extra fuel required to 
overcome the reduced efficiency imposed on your plant 
by insulating deposits? 


Take a good look at your designed operating efficiency— 
and compare it with the actual output you are securing. 
Then call the nearest Dowell office for the facts and 
figures on chemical scale removal service. 


Leading plants everywhere rely upon Dowell service— 


DOW 


SUBSIDIARY OF THE DOW CHEMICAL 

















COMPANY 


including some of the largest boiler installations in the 
nation. They tried Dowell service and found it rapid, 
safe and economical. They’ve seen Dowell engineers fill 
plant equipment with liquid solvents designed to dissolve 
and disintegrate scale and sludge—and they’ve seen the 
results. You’ll make no mistake to follow their example— 
get the facts. 





DOWELL INCORPORATED + TULSA 3, OKLAHOMA 


New York, Boston, Philadelphia, Wilmington, Baltimore, 
Pittsburgh, Buffalo, Cleveland, Cincinnati, I it, Chicago, 
St. Louis, Kansas City, Wichita, Oklahoma City, Houston, Fort 
Worth, Shreveport, Mt. Pleasant, Michigan; Salem, Ill; Borger, 
Texas; Wichita’ Falls, Texas; Midland, Texas; Lafayette, La. 


Long Beach, Casper: Dowell Associate—International Cementers, Inc. 











Monsanto Only Texas City Plant 
Materially Damaged by Ship Blast 


Refinery Personnel Swells 
Staggering Casualty List 


Death and destruction from the am- 
monium nitrate ship explosion of April 
16 have ended at Texas City. Its sur- 
vivors, still shocked at the enormity of 
the blast and the raging fires that fol- 
lowed, have begun the task of clearing 
away the mass of twisted, melted steel 
and the rubble of bricks and concrete. 
More than 500 persons afe estimated to 
have perished in the disaster, and the 
bodies of more than 100 persons be- 
lieved to have been in the area at the 
time of the blast have not been found. 

Damage to plants and property has 
been estimated at well over $100,000,000. 
The entire dock and loading facilities 
on the water front were destroyed in ad- 
dition to numerous tanks in the adja- 
cent storage area. 

Greatest losses in personnel and prop- 
erty were suffered by Monsanto Chem- 
ical Company, which reported 451 em- 
ployes on duty at the time of the ex- 
plosion. Of this number, 154 were either 
killed or are missing and believed dead; 
more than 200 required hospitalization, 
and 95 of the more seriously injured are 
still in hospitals, some of whom are not 
expected to survive. The company also 
announced that 123 employes of out- 
side. contractors were engaged in con- 
struction in the plant in areas of great- 
est exposure. The combined total of 
dead, missing, and believed dead was 
227 at last reports, in the plant area. 


C. C. PRYOR, 


Associate Editor 


The French freighter, Grandcamp, 
loaded with 2500 tons of ammonium 
nitrate, was docked at a pier immedi- 
ately opposite the Monsanto pier. Addi- 
tional ammonium nitrate, which has an 
explosive power about half that of TNT, 
was on the dock at which the ship was 
loading. At approximately 8:30 on the 
morning of April 16, the fire broke out 
on the ship. During the fire, squads 
came from the plants in the area to 
lend their assistance in putting out the 
blaze. Soon after the blaze forced the 
crew and fire fighters to abandon ship, 
the ammonium exploded with a blast 
that is believed equivalent to that of 
250 five-ton block-buster bombs explod- 
ing simultaneously. 

Monsanto Chemical Company’s ware- 
house, a steel and brick structure, was 
flattened, as was the main power plant. 
As the blast area increased, manufac- 
turing buildings were crushed, windows 
of offices and laboratories were shat- 
tered, roofs were ripped off, and pipe 
lines and towers and tanks containing 
inflammable liquids and gases were 
ripped open. Water, rushing in from the 
basin where the ship exploded, covered 
the area. Heat from the explosion ig- 
nited the benzol, propane, and ethyl 
benzene flowing from broken pipes and 
vessels in the plant. These fires raging 
for three days swept through the Mon- 
santo plant, scalding and cremating sur- 


Fire Destroys Oil Docks 
And Many Storage Tanks 


vivors of the explosion, and melting and 
twisting steel pipes and girders. The 
huge Bikini-like pillar of smoke from 
the burning plant and storage tanks of 
the area rose 3000 feet into clear sky, 
The smoke drifted on a southerly wind 
and is reported to have reached Mis- 
souri’s southern border. 


No Destructive Explosion in Plant 


There were no major explosions in 
Monsanto Chemical Company plant, 
Minor explosions described as puffs by 
surviving personnel were not great 
enough to cause any damage outside of 
the plant. Main fires were in the stor- 
age tanks and tank cars of benzol, pro- 
pane, and ethyl benzene used in the 
manufacture of nomomeric styrene and 
polystyrene. The company does not 
make, use or store ammonium nitrate, 
and with the rest of Texas City was the 
innocent victim of an explosion of a 
commodity moving over docks operated 
by railroad interests. The plant and 
contents were insured for $14,750,000; 
$7,500,000 use and occupancy insurance, 
and $2,500,000 public liability insurance 
in addition, 

Edgar M. Queeny, chairman of Mon- 
santo Chemical Company’s board, stated 
that widows and dependents of each em- 
ploye were given $1000 in an effort to 
alleviate the financial problems arising. 
Nearly all employes of over three 


plant burned for three days—with this result, when a ship loaded with ammonium nitrate exploded while 
a neighboring dock. No destructive explosion occurred within this plant. 
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Marine growths, not encountered in 
many heat exchanger installations, 
can present a problem warranting 
major consideration in others. One of 
the most serious consequences result- 
ing from the presence of certain types 
of marine life is the ‘concentration 
cell” established when these organisms 
attach themselves to and cover a por- 
tion of the tube metal, leaving adja- 
cent areas bare. Electro-chemical 
action between the shielded and un- 
shielded areas ensues, resulting in 
rapid corrosion adjacent to the line of 
contact of these areas. Concentration 
cell action from such causes is often 
termed “deposit attack’. 

The presence or absence of marine 
growths, however, does not, by itself, 
establish the tube life to be expected 
In any installation. Other factors 
which must be considered include: 


Velocity and turbulence of coolant... 
Abrasives suspended in coolant... Dissolved 
or entrained air or gases... Temperatures 
inside and outside of tubes . . . Deposits other 
than marine growths . . : Development of pro- 
tective film... Media surrounding tubes... 
Chemical composition of coolant. 


One of the principal objects of Con- 
denser Tube Technical Research has 
been the development of alloys 
designed to give longest life and most 
trouble-free service. Proper alloy 
selection, however, is often not a com- 
plete and sufficient answer when mar- 
ine growths are a serious problem. 
Many times it is also necessary to 


chlorination in suitable concentrations 
under the supervision of trained and 
experienced personnel in order to 
obtain satisfactory service life from 
even the best tube alloy available. 

Because of the number and variety 
of conditions surrounding any partic- 
ular condenser tube installation, each 
such installation becomes an individ- 
ual problem, deserving of individual 
treatment. 

Scovill has made, or is making, ex- 
tensive studies of Condenser Tube 
Service conditions for every known 
application, and offers the facilities of 
its Technical Service Department in 
the selection of suitable Condenser 
Tube alloys to meet specific service 
conditions, in an existing or proposed 
installation. 

THREE SCOVILL SERVICES 

Scovill’s Service in Men offers spe- 
cialized consultation on individual 
tube application problems and sug- 


gestions rding alloy selection and 
tube installation practice. Service in 
Metals includes development and 
production of a broad range of tube 
alloys under laboratory control, which 
verifies that Scovill alloys conform to 
requirements of specifications. Service 
in Manuals consists of literature pro- 
viding the latest, most authentic in- 
formation on condenser and heat ex- 
changer tubes, which has its source in 
the broad experience of our engineers 
and the findings of our laboratories. 


For a copy of the 
Condenser Tube 
Booklet, address 
Scovill Manufac- 
turing Company, 
15 ill Street, 
Waterbury 91, 
Conn. Export De- 
partment: 405 Lex- 
ington Ave., New 
York 17, N. Y. 
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SCOVILL 


HEAT EXCHANGER TUBES 


One Product e Three Services 
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f 
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employ frequent normal cleanings 
and/or chemical treatments such as 


Service in Manuals . Service in Metals . Service in Men 
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More Appalling Than This Destruction Was the Loss of Lives in the Texas City Blast 
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months employment were covered by 
group insurance, and as accidental death 
doubles the payment, the beneficiary of 
an insured hourly employe will receive 
$6000 to $8000 in insurance. Also, insur- 
ance payments increase in ratio to sal- 
ary, thus the widow of a man who 
earned $7500 will receive $17,500. Texas 
law requires, also, that payment to the 
widow or beneficiary of $20 per week 
be made for 360 weeks—$7200. The 
company’s board of directors appropri- 
ated. $500,000 immediately after the dis- 
aster for the relief of stricken employes 
and their families. 

Among the dead of the Monsanto 
plant are Charles Comstock, the divi- 
sion’s technical director; B. F. Merriam, 


The top picture shows wreckage of Monsanto 
Chemical Company's plant which was close 
enough to the first ship explosion to get full 
effect of the blast; the burning of materials in 
process completed this destruction. The middle 
picture is the slip where the second ship blew » 
—the explosion was on the left, and the wrecked 
ship shown was tied up in its present position. 
Still farther from the explosion, the lower picture 
shows remains of Republic Oil Refining Com- 
pany’s loading dock. This dock is about o mile 
from the company’s refinery. 
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THE ISO-FLOW FURNACE HAS BEEN 
ACCEPTED FOR THE MOST SENSITIVE 
SERVICES ... AND THE MOST RUGGED 
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A few years ago somebody had an idea. It 

was only an idea, then. Today, in Petro- 
Chem’s Iso-Flow Furnace, this idea is con- 
sidered so practical that the process industries ° 
have widely approved it. 


FOR SENSITIVE SERVICES? SURE— 
Propane deasphaltizing . . ‘ methyl-ethyl- 
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| a ketone dewaxing . . . furfural extract and 

5 raffinate heating . . . catalytic treating... 
4. catalytic reforming . . . vacuum flashing of 
é catalytic feed stock, etc. 






WHAT ELSE? 


The most rugged services you can think of... 
such as gas cracking at 1500° F. 


Why this emphatic OK? Primarily because of 
even-heat distribution, combined with the 
efficiency required by plant location and plant 
economics. 


For full details, call Bethlehem Supply. 
Bethlehem’s refinery staff will be glad to 
render trained engineering assistance, from 
specifications to operation. 












BETHLEHEM SUPPLY COMPANY 


Subsidiary of Bethlehem Steel Corporation 














This wreck of a ship's turbine, weighing nearly a ton, was blown nearly a mile and 
landed in a refinery yard. 


chief plant engineer; R. E. Boudinot, 
production manager; R. D. Southerland, 
safety engineer; F. A. Ruecker, chief 
power-plant engineer, and all his staff. 
Of 17 chemists, supervising production 
in different departments, 16 were killed. 
Monsanto has not been able to com- 
pile a complete list of casualties. Sub- 
ject to further examination, it is be- 
lieved that some portions of the plant 
may be back on production within six 
months. William H. Rand, president, 
reported that under normal conditions, 
without delay in procuring materials, the 
plant can be rebuilt in 18 months. 


Republic Refinery Personnel Perished 
As Fire Fighters 

Hardest hit of the refineries in the 

area is Republic Oil Refining Company. 

Thirty-six men are listed as dead. The 

plant is located nearly a mile from the 

scene of the explosion at the docks, but 


it was reported as typical, that the 
company’s men should be at the scene 
helping to fight the fire. They had been 
organized and trained in fire fighting 


and accident prevention. Through safety 


programs carefully planned and carried 
out, the refinery staff had reduced ac- 
cidents and safety hazards in the plant 
to a negligible number. O. D. Robinson, 
chairman of the board of the company 
reported that the refinery fire depart- 
ment was responsible for saving the 
plant from fire. The plant is separated 
from Stone Oil Company only by a 
fence, where several tanks were de- 
stroyed by fire. The Republic refinery 
was built at a cost of $20,000,000 and in- 
cludes a $12,000,000 high-octane plant 
for which the company is negotiating 
with WAA. 

A ship’s turbine, believed to be from 
the Grandcamp, was found in the Re- 
public plant area, and a boiler was 


found on Stone Oil Company’s ground 
where “it plunged after it was blown 
from the ship. One of the more serj- 
ously damaged Republic buildings was 
one that had been cut almost in half by 
a piece of 8-inch pipe about 25 feet long 
blown there by the blast. Pieces of the 
ship’s keel, measuring nearly 40 feet in 
length, were found nearly a mile from 
the scene of the explosion. 

Immediately after the explosion, W. E, 
Huston, president of Republic Oil Re. 
fining Company stated that the com- 
pany was rendering every aid possible 
to employes and their families. In order 
to help alleviate financial needs, the 
company gave to the widow or depend- 
ents of the deceased employes $1000, 
and extended emergency relief to its 
injured employes and their ‘families. 

The thirty-six listed as dead by Re- 
public are: Harry Charles Conklin, third 
class tester; Isaac Dalrymple, C opera- 
tor—cat cracker; T. B. Lewis, B helper; 
R. D. Smith, stillman; Joel C. Stafford, 
first helper; Arthur W. Stafford, second 
class helper; James A. White, C opera- 
tor; W. -P. C. Voiles, superintendent; 
F. I. Lutteman, senior process engineer; 
B. M. Stewart, director of industrial re- 
lations; Roy L. Durio, A operator; 
Henry John Findeisen, gauger; Mike 
Chirardi, boilermaker first class; W. C. 
Gryer, third class tester; Ludwig A. 
Herm, mechanical helper; John L. Hop- 
kins, Jr., insulator first class; William 
F, Hughes, A operator; Ernest A. Jolly, 
mechanical helper; Wm. F. McQueen, 
pipefitter first class; David A. Reed, 
mechanical helper; John D. Rogers, ma- 
chinist first class; Fritz L. Rhoden, 
boilermaker first class; V. D. Fereday, 
fire and safety chief; Rufus D. Jones; 
R. H. McMeans, Jr., junior process 
engineer; Joe D. Millender, mainte- 
nance engineer; J. H. Tadlock, senior 
engineer; Jack M. Thornton, junicr en- 
gineer; K. E. Webb, junior engineer; 
Joe E. Gollberg, draftsman; Jack O. 
Miller, junior engineer; W. R. Holm- 
sten, vice president; W. M. Barger, su- 
perintendent of light oils; Lloyd C. Cain, 
C operator. 

Damage to the, Republic refinery 
which has a capacity of 30,000 barrels 
per day, was not serious; however, the 
plant was shut down for complete in- 
spection and necessary repairs in the 
processing area caused by shrapnel from 
the ship explosion. Dock loading facili- 
ties of the company were destroyed as 
were many tanks in the dock area and 
adjacent to the plant. Barrel house and 





An aftermath of the ammonium nitrate explosion at Texas City was a serious loss of stored oil and tankage. However, a relatively small part of total 
tankage in the area was destroyed. Texas City is an important oil port, and its facilities include handling of crude oil and products by other 
interests than the four refineries and two chemical plants in the immediate area. 
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omorrows Bubble Tray 


Is Available Today ! 


14’-4” diam. two-pass bubble tray (with center downcomer) to fit a 
14’-6” diam. tower. All material 12% chrome stainless steel with 16 
gauge caps and risers (not shown), and 14-gauge deck plates with 12 
gauge minor supports and fabricated structural major beams. 


- 


Specializing in designing and fabricating modern bubble trays and bubble caps of lightweight 
alloys, for easy-tohandle installations, Glitsch is today recognized for sound, though revo- 
lutionary, design among refinery engineers in all parts of the country. ‘ 


Using the most logical alloys for overcoming specific corrosion problems, Glitsch fabricates 
bubble trays designed according to the well mown “Truss-Type” construction. Designs of 
trays and caps can be made to fit practically every known process “layout”. Glitsch “Truss- 
Type” trays are properly designed for rigidity and strength and provide all important thermal 
expansion joints. B 


Process engineers are now able to design more efficient trays because of the greater effective 
tray area that is made available by the use of light gauge materials in the Glitsch “Truss- 
Type” trays. Greater vapor uptake areas, downcomer areas and lower pressure drop between 
trays is made possible, and greater cap slot areas and ‘variable height’ over-flow weirs 
are practical. For the best in bubble trays and bubble caps, look to Glitsch! 


MANUFACTURED UNDER U. S. PATENS NO. 2,210,808; NO. 2,309,309; NO. 2,336,926; 
NO. 2.341,09f AND OTHER PATENTS PENDING. 


Fritz W. Glitsch & Sons, Inc. Dallas 1, Texas 





New YORK OFFICE: SALMON TOWER BLDG.. 11 West 42ND Sr. 
HOUSTON OFFICE: K. E. LuGEeR Co., 3618 WASHINGTON AVE. 
TuLsa OFFice: W. C. Myers & Co., 10 East 4TH STREET BLOG. 
CHICAGO OFFICE: W. C. Mvers & Co., 134 SouTH LASALLE Sr. 
PITTSBURGH OFFice: D. D. Foster Co., PEOPLEs Gas Co. BLDG. 
Los ANGELES OFFICE: S. G. HIGGINBOTHAM & Co., 403 WeEsT 8TH ST. 


“TRUSS-TYPE” BUBBLE TRAYS @ BUBBLE CAPS @ TOWER INTERNALS 
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HEN excessive de- 

posits of wax, gum and 
carbonaceous deposits build 
up on your heat exchange 
equipment you’re headed for 
heat transfer trouble . . . ris- 
ing production costs. But, 
you can side-step the inevit- 
able without dismantling 
machinery. Simply circulate 
a hot solution of a recom- 
mended Oakite cleaning 
compound through equip- 
ment for quick removal of 
insulating deposits. This 
scientifically developed 
Oakite cleaning material 
quickly restores your units 
to peak operating efficiency. 


Cleaning Tips Free 


The Oakite Petroleum Di- 
gest describes this and 87 
other cleaning jobs. A re- 
quest on your letterhead 
brings it to your desk. Also 
brings free technical service, 
if you wish. Write today! 


OAKITE PRODUCTS, INC. 
508 Thames Street, NEW YORK 6, W. Y. 
Technical Representatives in Principal Cities of U.S. & Canada 
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packaging facilities for special oils at 
the doéks were destroyed. The com- 
pany expected to have the plant operat- 
ing within a few weeks. The refinery 
staff is aided by nine engineers and tech- 
nologists of Universal Oil Products 
Company, who had the men flown to 
Texas City when news of the disaster 
reached Chicago. Work on loading facil- 
ities and the plant began immediately. 

Stone Oil Company listed two men 
dead: Meyer Hurwitz, superintendent; 
and A. B. Emsoff, foreman. Damage was 
reported as serious and subject to fur- 
ther investigation. Most damage to the 
7500-barrel-per-day plant was due to 
fire, which was started when shrapnel 
pierced empty storage tanks. 


Pan American Plant Not Damaged 


Pan American Refining Corporation 
reported seven men dead and five miss- 
ing, believed dead. Listed as dead are: 
Isaac Burton Goar, Charles Dossie 
Hamilton, Earl C. Hartnett, Adolph J. 
Korenek, Leonard LaSalle, John H. 
Marzahn, and Rufus M. Ray; missing: 
J. M. Braddy, Frank P. Jolley, Maurice 
Neeley, Luther Quinn, and William F. 
Self. 

Damage to the 93,000-barrel-per-day 
plant of Pan American Refining Cor- 
poration was minor. It was reported 
to have been in operation several hours 
after the explosion. 

The Sid Richardson Refining Com- 
pany plant, having a capacity of 20,000 
barrels per day, was reported not badly 
damaged, but lost some tankage and 


- contents by fire. 


Terminal facilities of Humble Oil & 
Refining Company were damaged and 
several storage tanks burned. Total loss 
was not determined at last reports. 

Warren Petroleum Corporation's natu- 
ral-gasoline terminal was not heavily 
damaged. Windows were shattered and 
the plant was shaken up, but no serious 
damage was reported. 

Two men, A. H. Cannon, an assistant 
superintendent, and H. O. Youngman, 
machinist, were killed and Carl R. Fer- 
ris, listed as missing, by Carbide and 
Carbon Chemical Company. The com- 
pany lost nine storage tanks by fire. 
Other damage was minor. 

Atlantic Pipe Line Company an- 
nounced that two storage tanks in the 
area were destroyed, other damage had 
not been ascertained. 

The oil-refining capacity has been 
effected only slightly and while storage 
tank damage was heavy, it represents a 
comparatively small portion of the total 
storage available. It is believed that 
three of the largest refineries in the area 
can be operated without major repairs. 


California Research 
Building New Laboratory 


Contract has been awarded and pre- 
liminary work is underway on construc- 
tion of a new laboratory building at El 
Segundo for California Research Cor- 
poration, Standard Oil Company of Cal- 
ifornia subsidiary. A one-story building 
with dimensions of 54 by 160 feet, will 
centralize all Southern California tech- 
nical research and development work on 
petroleum products and refining proc- 
esses at El Segundo refinery. The com- 
pany’s research facilities now are housed 
in eight separated buildings and sheds 
totaling about 7,000 square feet. The 
new project will provide approximately 
17,000 square feet. Completion of the 
job is expected early in 1948. 


Modernizing at Five 
Socony-Vacuum Plants 


A $45,000,000 modernization and en- 
largement program at five of its refin. 
eries has been announced by W. F. 
Burt, vice president in charge of manu- 
facturing for Socony-Vacuum Oil Com- 
pany. 

Construction of new _ lubricating-oil 
units already is underway at Paulsboro, 
New Jersey, and at Beaumont, Texas, 
(Magnolia Petroleum Company). Other 
construction will be at East St. Louis, 
Illinois, Casper, Wyoming, and Augusta, 
Kansas. The new units are expected to 
be in operation by January 1, 1949. 

At Paulsboro and Beaumont, con- 
struction will include solvent refining 
and dewaxing units, power houses and 
vacuum stills. At East St. Louis the 
new construction will include a delayed 
coker and distillation facilities. The Cas- 
per refinery, built in 1923, practicall) 
will be rebuilt and its capacity doubled 
It will have a new 5000-barrel thermofor 
catalytic cracking unit, pump house, dis- 
tillation equipment, water system, office 
building and truck-loading rack. This 
refinery manufacturers light oils and 
asphalts. At Augusta the refinery will be 
enlarged by a 10,000-barrel thermofo: 
catalytic cracking unit, topping facilities 
and vacuum stills. 


Standard of Ohio Will 
Modernize Lima Refinery 


Plans for modernization of its Lima 
refinery, involving expenditure of $10, 
000,000, have been announced by W. T 
Holliday, president of The Standard Oil 
Company (Ohio). Included are a 6000- 
barrel catalytic cracking unit, gas plant, 
cooling tower, gasoline-treating and 
blending facilities, and additional tank- 
age. Design and drawings for the new 
units will require a year to complete, it 
was said by E. B. McConnell, vice presi- 
dent in charge of manufacturing 


Standard of California 


Starts Grease Plant 

Standard Oil Company of California 
has let contract for driving of nearly 
6,000 concrete piles for the foundation of 
a grease plant to be erected at its Rich- 
mond refinery. Additional construction 
for the plant will be deferred until busi- 
ness material shortages are eased, it was 
said. 


API Public Relations 
Ad Program Approved 


Approval of the national advertising 
campaign under American Petroleum In- 
stitute auspices to help inform the public 
of the progressive character of the oil 
industry has been announced by the pub- 
lic relations committee of the institutes 
board of directors: John M. Lovejoy, 
chairman of the committee, said the pro- 
gram, which is on limited basis, will be 
supervised by the API public relations 
operating committee. The latter was at 
thorized to retain the firm of Sullivan, 
Stauffer, Colwell and Bayles, New York 
agency, to conduct the program. This 
agency was selected after a competitive 
effort in which ten other agencies orig 
inally were interviewed by a sub-com- 
mittee headed by Harold L. Curtis. The 
program has been developed under 
Curtis’ direction and that of the operat 
ing committee. 

Lovejoy announced this committee had 
adopted a_ resolution commending am 
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Many lubricants are compounded to vary- 


ing levels of performance in which deter- 
gency and dispersancy are important 
factors. Due to variations in base stocks, it 
is essential that performance requirements 
of a given lubricant be specifically defined 
80 that the final blended product will pos- 


sess the intended characteristics. 


lt is at this point that Monsanto can help 
—with experience, engine-test laboratory 
facilities and the correct oil-addition agent 


for optimum performance. 


Santolube* 203-A is o detergent and 
dispersant type additive that minimizes 


SERVING 


iN DUSTRY. 





what performance level interests you? 


ring sticking by dispersing (or suspending) 
lacquer, sludge and other insoluble oil con- 
taminants. It is extremely effective in com- 
pounding detergent-dispersant oils. Its 
pour-depressant action affords additional 


blending economies. 


Santolube 394-C is used in conjunction 
with any selected level of detergency to 
insure oil stability and bearing-corrosion 


protection. 


Santolube 203-A and 394-C are 
available in three pre-blended forms — 
Santolube 204,205 and 206.+re.v.s. paor 
WHICH 
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SERVES 


Bulletins on Monsanto’s complete line of 
oil-addition agents ‘are available at the 
nearest Monsanto District Sales Office. 
Or, write: MONSANTO CHEMICAL COM- 
PANY, Petroleum Chemicals Department, 
1700 South Second Street, St. Louis 4, 
Missouri. District Sales Offices: New York, 
Chicago, Boston, Detroit, Charlotte, Cin- 
cinnati, Birmingham, Los Angeles, San 
Francisco, Seattle. In Canada, Monsanto 
(Canada) Limited, Montreal, 


MONSANTO 


PLASTICS 


CHEMICALS 


MANKIND 
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Of importance to you is the fact that THERM- 
ALLOY castings are manufactured to exacting 











‘4 specifications of refinery engineers and our 
HEAT AND metallurgical departments. 
CORROSION THERMALLOY is well known by petroleum 
RESISTANT engineers for resistance to heat and corrosive 
gases, retains load carrying strength at ele- 
TUBE SHEETS, vated temperatures and will not warp or 
TUBE BRACKETS, crack excessively. 
HANGERS, NOZ- Close X-RAY and metallurgical control of all 
ZLES and HOT production steps in a most modern foundry 
OIL PUMP PARTS aoe maximum casting life and greater dol- 
% ar savings. 





AMSCO ALLOY and THERMALLOY are identical. 
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expressing satisfaction with the work of 
the operating committee and the Fred 
Eldean Organization, public relations 
agency assisting the operating commit- 
tee. He said the committee also had ap- 
proved routine administration proposals 
of the operating committee and had dis- 
cussed in detail plans for financing the 
industry’s public relations program, in- 
cluding the advertising just authorized, 

Franklyn Waltman, chairman of the 
public relations operating committee, re. 
ported that of the 11 public relations 
area committees being set up, 7 had com. 
pleted their organization and that the 
other 4 would be ready to function with- 
in the next two weeks. These commit- 
tees will direct and sparkplug the pro- 
gram in their respective areas, assisted 
by field representatives from the Eldean 
Organization. 

Organization of the district commit- 
tees was proceeding faster than had 
been expected, with 412 oil industry men 
so far participating in the work of these 
groups, Mr. Waltman stated. He also re. 
ported that the operating committee now 
had on the press a brochure titled “Win- 
ning More Friends for Your Business,” 
designed to stimulate activities by oil 
companies and associations in behalf of 
the program. This brochure outlines a 
suggested course of action for oil com- 
panies and contains samples of nine 
newspaper advertisements offered for 
local sponsorship; six sample radio com- 
mercials; a colored plant poster empha- 
sizing the theme that “Petroleum Pro- 
motes Progress,” a fact sheet and other 
material. 

Waltman explained that activities of 
the operating committee had centered 
around arousing industry interest in the 
program adopted last November. 

Launching of the advertising program 
will engage the operating committee's 
attention during the next three months. 
National magazines will be used for the 
institutional advertising to be sponsored 
by the institute. The plan includes a 
tie-in merchandising campaign to en- 
courage oil companies, associations and 
other groups to sponsor related adver- 
tising-in newspapers and on the radio 
at the local level. Oil trade paper adver- 
tising will be used to stimulate action 
in this respect by oil-industry units. 


Humble Maintenance 
Engineers Promoted 


W. H. Reber has been given added 
responsibilities and named assistant 
mechanical superintendent of the Bay- 
town plant of Humble Oil & Refining 
Company. Previously he had been cot- 
cerned primarily with maintenance af 
construction. His duties now include ft 
sponsibility of four divisions in the 
mechanical department, maintenance and 
construction, stores, maintenance emgr 
neering and inspection and utilities. 

Other changes in the department ff 
sulted in a promotion to superintendett 
of maintenance and construction 1 
C. F. Kelly, formerly head of the mai 
tenance engineer and inspection divisio? 

John S. Cook has succeeded Kelly * 
head of the maintenance and engineering 
division. 

Paul Jones has been named assistat! 
head of the maintenance engineering a™ 
inspection division, formerly held 
Cook. 
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Three Shell 
Refineries 


yse Anaconda 
Condenser Tubes... 


T THE WOOD RIVER, [llinois; Hous- 
A ton, Texas; and Norco, Louisiana 
refineries of Shell Oil Company, siza- 
ble quantities of Anaconda Arsenical 
Admiralty Tubes have been installed. 

The accompanying photographs 
show installation of tube bundles so 
equipped at the Houston refinery. 

Anaconda Arsenical Admiralty is a 
widely used condenser tube alloy in 
the refinery field. Pioneer in the de- 
velopment and manufacture of this 
tube, The American’ Brass Company 
also produces eleven other standard 
and several special alloys for condenser 
and heat exchanger tubes. 

Regardless of the alloy of which 
they are made, Anaconda Condenser 
and Heat Exchanger Tubes are sub- 
jected to precision control through 
every step of manufacture. 

Equipment manufacturers are in- 
vited to utilize the broad experience 
and metallurgical knowledge of our 
Technical Department in determining 
the most suitable alloys. Publication 
B-2 provides comprehensive informa- 
tion on Anaconda Condenser materi- 
als. It will be mailed on request. 





The above photo- 
graph shows installa- 
tion of tube bundle 
equipped with Ana- 
conda Condenser 


‘ . + —- yi Tubes at the Houston, 
= DA : - r ; iss Texas refinery of 
f = ' et rn, oF Shell Oil Company. 


At left is view of one 
of refinery units. 


CONDENSER TUBES 
THE AMERICAN BRASS COMPANY 


General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company 


In Canada: Anaconva American Brass Lrv., 
New Toronto, Ont. 
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SCIENCE AND TECHNOLOGY 


ABSTRACTS 


prepared in cooperation with 
PETROLEUM REFINER 
by 


TME LESLIE LABORATORIES 


Traver Read, Ann Arbor, Michigan 
under supervision of 


DR. E. H. LESLIE and DR. H. B. COATS 








journals are not included. 


cost by the Laboratories. 





The abstracts here presented are selected from the current 
literature of science and technology to afford reference to 
fundamental information not easily available to all readers. 
Abstracts of articles appearing im readily obtainable trade 


Photostat copies of original articles will be supplied at cost 
by The Leslie Laboratories. Complete or limited bibliographies 
covering special topics by title, by abstracts, or in complete 
manuscript, will also be prepared and furnished at reasonable 
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Fundamental Physical and Chemical Data 





rization of Fuels for Gas 
Turbines, Part II: Heat Quantities Re- 
quired to Vaporize Gas Turbine Fuels. 
B. P. Mututns, Jour. Inst. Pet. 33, (1947) 
pp. 44-70. 

The paper concludes the theoretical 
studies of the vaporization of air-fuel 
mixtures. .The true specific heat in the 
liquid and ‘vapor states and the latent 
heats of vaporization of 100-octane fuel 
and of kerosine were evaluated.at vari- 
ous temperatures from empirical rela- 
tionships and from experimental data 
taken from the literature. The heat con- 
tents (above 15° C.) of the heated liquid 
fuels were evaluated, and a method was 
devised to permit calculation of two 
standard fuels under different total pres- 
sure. and mixture*ratio dewpoint condi- 
tions. The resul¥€ are. given in the form 
of curves and nomograms. These results 
are converted into forms that can be ap- 
plied. directly to gas-turbine practice. 
The air temperature necessary to vapor- 


The Va 


Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research 
Foundation, 33rd, Federal, and 
Dearborn Streets, Chicago 16, Illi- 
nois, has received urgent requests 
for the chemicals listed below. If 
anyone has one or more, even if 
only one gram quantities, please 
inform the Registry. 
Ferrous thiocyanate 
1-Bromo-2-fluoroethane 
1-Chloro-2-fluoroethane 
Dichlorodibromomethane 
1,1,1-Trichloromonobromoethane 
Cyclopentenyl-2-acetic acid 
Sodium-o,m,p-decylbenzenesul- 

fonates 
Sodium-o,m,p-dodecylbenzene- 

sulfonates 
m-Dimethylaminophenol 
2,6-Bis (tert. butyl) phenol 
1-Methylanthracene 
m-Ethyltoluene 
Tetramethylpentanes 
Methylethylhexanes 
Isopropylcyclohexane 
Tetramethylcyclopentane 
Dimethylethylcyclopentanes 
Diethyleyclopentanes 
Dimethylethylbenzenes 
Methylpropylbenzenes 
1-Penten-4-yne 


180 


ize each of the standard fuels at a given 
total pressure and given final mixture 
ratio has been calculated. Fuel tempera- 
ture necessary to produce vaporization 
under similar conditions was calculated. 
These results are presented in the form 
of six nomograms. Charts were finally 
devised, one for each fuel, from which 
bubble-points, dew-points, heat contents, 
and air and fuel temperatures for vapor- 
ization at given pressures and mixture 
ratios can be read merely with the use 
of a straight edge. A bibliography of 
20 references is included. 


Temperature Gradients in Turbulent 
Gas Streams. Preliminary Studies. W. H. 
Corcoran, B. Roupesusn, and B. H. Sace. 
Chem. Eng. Progress, 43, (1947) pp. 135- 

2. 
The authors describe equipment that 
permits measurement of temperature 
and velocity distribution in an air stream 
with essentially two-dimensional flow 
characteristics. Results including data 
describing the temperature and velocity 
distribution, heat transfer from the wall, 
shearing stress are given for seven dif- 
ferent sets of conditions. The data in- 
dicates that within the accuracy of the 
measurements eddy viscosity and eddy 
conductivity are equal as was assumed 
by Von Karman in his analogy between 
the transfer of momentum and the ther- 


mal transfer of energy. The over-all 
heat-transfer rate, predicted by the Kar. 
man analogy agrees with the experi. 
mental results in the case of a sym. 
metrical temperature distribution. Hoy. 
ever, significant divergences from the 
heat-transfer rates predicted by the 
analogy were experienced in the case of 
nonsymmetrical temperature  distribv- 
tions. The methods employed in the 
work appear to be capable of refinement 
and further study of thermal transfer: 
of energy by these and related methods 
should ultimately permit more accurat 
prediction of the rate of thermal trans- 
fer of energy for those situations in 
which transfers of momentum can bk 
predicted from the science of fluid me- 
chanics 


The Heats of Combustion of Cyclo- 
pentane, yclohexane, Cycloheptane and 
Cyclooccane. RALPH Spitzer and Hoven 
M. HurrMan. Jour. Am. Chem. Soc 
69 (1947) pp. 211-13. 

The heats of combustion of cyclo- 
pentane, cyclohexane, cycloheptane an 
cyclooctane were determined, and the 
heats of formation were calculated. The 
heats of combustion per mol and pe 
CH: group of the cycloparaffins in th 
state are also .calculated an 
Materials used in the work 
are described, as well as the exper 
mental procedure. The data _ indicate 
that cyclohexane is the most stable of the 
cycloparaffins. The question of stabilit 
in relation to structure is discussed 
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Higher Hydrocarbons. IV. Six Pheny- 
leicosanes and Six Cyclohexleicosanes. 
FRANK C. WHITMORE, RoBert W. SCHIEs- 
ster, C. S. RowLanp and J. N. Cosy. 
Jour. Am. Chem. Soc. 69, (1947) pp. 235-7. 

The paper is a report on the continua- 
tion of the authors’ work on the syn- 
thesis and properties of high-molecular- 
weight hydrocarbons. The preparation 
of 12 new monocyclic hydrocarbons is 
reported. As the authors have pointed 
out, the large variations in physical prop- 
erties of lubricating-oil fractions in a 
given range of molecular weight is prob- 
ably largely caused by differences in 
molecular type; nevertheless, it is im- 
portant to have knowledge of the prop- 
erty variations that can be attributed to 
positional isomers. The present study 
was aimed at clarifying this problem, at 
least as regards monocyclic derivatives 
of the paraffins. Methods of preparation, 
vields and five important properties of 6 
phenyleicosanes and 6 cyclohexyleicos- 


anes are reported. Data on the prepat 
tions, yields and properties of 20 inter 
mediates are also given. 


Preparation of Fluorocarbons by Catt 
lytic Fluorination of Hydrocarbom 
Grorce H. Capy, Artstip V. Gross, E 
Barser, L. L. Burcer, and Z. D. SHELDO 
Ind. Eng. Chem. 39, (1947) pp. 290-2. 

The technique of catalytic fluorinatie 
has been improved to such an extel 
that a desired saturated fluorohydt 
carbon can be produced in moderate ' 
high yield by the reaction of the cor 
sponding hydrocarbon with elementa!! 
fluorine. The hydrocarbon vapor # 
fluorine are each diluted by nitrost] 
and ‘gradually mixed in the presence ° 
fine copper turnings or ribbon coal® 
with a thin layer of silver fluorides 
Either straight-chain or branched-ch# 
fluorohydrocarbons ranging from per 
fluorobutane to perfluorohexadecané 


‘well as naphthenic fluorohydrocat?™ 


Vol. 26, No. 





Petroleum Re finer 








Be 
pr 
signs, | 
Portan 
A cc 
Sponsil 
thing f 
P lant d 
tical fo 
in stri¢ 
sign, 





DES| 


May, 7 








Cata 
rbons 
E 


ELD 


nat 

extel 
yydt 

ate | 
cor 
ental 
r al 
rrogel 
nce 
coatt 
prides 
-cha! 
1 per 
ne, 
arbor 


No 


| 


SAHOSSSHSSSSSHSHHSHHSHHAEHHHH SEO HSSESHHESESHSHSHEHHHOSEHESSHESHSHSHHHHSEHESHOHHHH HEHEHE ESOOES 


+ 


: 
a 
ran 





Girdler construction crew sets up tower for HyGirvo. 
plant, which produces hydrogen of higher purity 
more economically than any other method. 
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Girdler builds the gas processing plants 


a Girdler builds the gas 
processing plants Girdler de- 
signs, you can be sure of several im- 
portant things: 

A complete service, from one re- 
sponsible source, that includes every- 
thing from start to finish of the job. 
Plant design that is thoroughly prac- 
tical for construction. Construction 
in strict accordance with plant de- 
sign. Plant tests and initial oper- 


Girdler designs 


ation upon completion of construc- 
tion—Girdler follows through until 
the plant is in full operation and you 
know all about how to use it. 

And you benefit by Girdler’s ex- 
perience. Girdler-designed, Girdler- 
engineered, and Girdler-built gas 
processing plants serve most of the 
big names in industry. 

This includes processes for gas 
manufacture, purification, separa- 


tion, dehydration— processes invoiv- 
ing hydrogen sulphide, carbon mon- 
oxide, carbon dioxide, inert and con- 
trolled atmospheres, natural gas, re- 
finery gases, liquid hydrocarbons, 
hydrogen, nitrogen. 


THE GIRDLER CORPORATION, LOUISVILLE 1, KY. 
GAS PROCESSES DIVISION 
DISTRICT OFFICES 
150 Broadway,N.Y.7 * 2612 Russ Bidg., San Francisco 4 
311 Tuloma Bidg., Tulsa 3 


-GiIRDL Boas 


DESIGNERS, ENGINEERS AND CONSTRUCTORS OF GAS PROCESSING PLANTS 


May, 19474 Gulf Publishing Company Publication 


181 














182 


STOPS 
COSTLY 


Fl P ES. 1, Fire started here. A tiny flame in this maze of pipes, pumps 


and tanks mushroomed to inferno pitch in minutes. A C-O-Two 
fire extinguishing system here, with a smoke detector, rate-of- 
rise or fixed temperature actuator, would have flooded the area 
with dry, sub-zero carbon dioxide gas and smothered the fire 
before it had a chance to spread. 


2. 10,000 gallons of alcohol sent flames leaping 100 feet above 
the plant; intense heat drove firefighters away from the blazing 
building. C-O-Two blankets alcohol, gasoline and other flam- 
mable liquid fires in clouds of cooling, inert, oxygen-diluting 
carbon dioxide gas. It does not scatter blazing liquid. 

3. In 30 minutes the roof and two walls had collapsed. A few 
seconds later, the remaining walls fell. 


4, 90 minutes after the fire started—this is all that was left 
of a $500,000 specialized processing plant—twisted metal and 
smoking rubbish. C-O-Two systems detect fires at once and put 
them out instantly, before they cause excessive damage. 
If your plant has special fire hazards such as electrical equipment, diesel 
engines, blueprint and record vaults, laboratories, pump rooms and 
stills, be sure they are protected. C-O-Two, the modern fire extinguish- 
ing agent, is safe to use on live electric equipment; it does not corrode 
metals, injure fabrics and finishes. C-O-Two is available in sizes for 
every type risk: famous Squeeze-Grip prep, wheeled and hose reel 
units, automatic or manually operated fixed pipe systems, smoke de- 
tecting systems and heat-actuated fire detecting systems. A C-O-Two 
distributor or one of our engineers will help you plan safe, modern 
fire protection. Write for further information. 


C-0-Two FIRE EQUIPMENT COMPANY 


NEWARK 1 NEW JERSEY 


fes one ke 









from C.F: to CisFs can be made. Even 
volatile hydrocarbon lubricating oils 
have been fluorinated. It is probable that 
the fluorohydrocarbons are the result of 
the action of the fluorinating age 
AgF:, on the hydrocarbon vapor and 
the supply of silver difluoride is main. 
tained by reaction with fluorine. 


Catalytic Oxidation of Ethylene. III, 
The Reactions between Ethylene and 
Oxygen in a Static System. G. H. Twice 
Proc. Royal Soc. (London) 188 (1946) pp, 
123-41. 

The rates of several reactions between 
ethylene and oxygen over a silver cata- 
lyst were determined in a static system 
at 263° C. at different pressures. In the 
oxidation of ethylene to ethylene oxide 


the rate was found to be proportional to 


the ethylene pressure and to the first 
power of the concentration of oxygen 
adsorbed on the catalyst; in the forma- 
tion of carbon dioxide, the rate was pro- 
portional to the ethylene pressure and 
square of the concentration. The rate of 
oxidation of ethylene oxide is propor- 
tional to the ethylene oxide pressure and 
independent of the concentration. It was 
confirmed that the reaction includes (1) 
chemisorption of oxygen as atoms on 
the catalyst surface, (2) reaction of 
gaseous or weakly adsorbed ethylene 
with one oxygen atom to form ethylene 
oxide, or with two atoms to form sub- 
stances that oxidize to form carbon di- 
oxide, and (3) isomerization of ethylene 
oxide to acetaldehyde followed by the 
oxidation of this aldehyde to carbon di- 
oxide. Energies of activation were deter- 
mined. 


Synthesis of Fluorocarbons. R. D. 
Fow ter, W. B. Burrorp III, J. M. Hami- 
TON, Jr., R. G. Sweet, C. E. Weser, J. S. 
KASPER AND I. Litant. Ind. Eng. Chem. 
39 (1947) pp. 292-8. 

The authors develop a practical and 
general synthesis for completely fluo- 
rinated organic compounds, comprising 
reaction between cobalt trifluoride and 
vaporized hydrocarbons or fluorohydro- 
carbons at elevated temperatures. A 
number of fluorocarbons, ranging from 
perfluoro-n-butane to perfluorocetane, 
were made and characterized. Reaction 
by-products were in some cases identi- 
fied. Perfluoro-n-heptane was obtained 
in yields up to 78 percent from n-hep- 
tane, and perfluorodimethylcyclohexane 
in 88 percent yields from bis(trifluoro- 
methyl)benzene. Crude yields for these 
two feed stocks were 91 and 97 percent 
respectively. Using high-boiling feed 
stocks, such as light lubricating oils, 
yields of fully fluorinated material above 
50 percent were obtained. Variables m 
the reaction were studied, and, improved 
equipment was designed on the basis of 
these studies. It was found that tem- 
perature, dilution of the hydrocarbon 
with inert gas, contact time, and degree 
of CoF, exhaustion were the important 
variables. A measurement was made of 
the heat of reaction between fluorine an 
CoF:;, and the result used to calculate 
the heat of reaction between CoF; and 
the hydrocarbons. 


Fluorocarbons by Fluorination of Hy- 
drocarbons with Cobalt Trifluoride. R 
G. Benner, A. F. Benninc, F. B. Dow 
inc, C. F..Irwrn, K. C. Jounson, A. & 
Lyncn, H, M. Parmeter anv W. V. 
Wirtn. Ind. Eng. Chem. 39 (1947) PP 
329-33. 

The effects of variables in the fiuo 
rination of n-heptane and diperfluoro- 
methylbezene with cobalt trifluoride 
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Temperature 


control demands 


EAGLE-PICHER 


Insulations 


Eagle-Picher Insulations 


help any process operate at maximum efficiency \ gap The complete line 
of Eagle-Picher 


No matter what process you use, there’s an Eagle-Picher Insula- i - Insulations include: 


tion to help make it more efficient. These scientifically engineered Eagle-Picher Super ‘‘66"’ Cement 
Se. } Eagle-Picher Supertemp Block 
insulations provide the precision temperature control so vital to Eagle-Picher Blankets 
Eagle-Picher L-T and M-2 Felts 
Eagle-Picher Loose Wool 
peratures, both hot and cold, Eagle-Picher Insulations improve Eagle-Picher Insulseal 
Eagle-Picher Pipe Covering 
Eagle-Picher Insulstic 
Eagle-Picher Stalastic 
Eagle-Picher Swetchek 
distributor, or write The Eagle-Picher Company. Eagle-Picher Finishing Cements 


profitable refining operations. Made to cover a full range of tem- 


the performance of your equipment, cut down waste, and sub- 


stantially reduce over-all operating costs. Ask your Eagle-Picher 


EAGLE-PICHER 
_ INSULATIONS for 


my ig, 


Since 1843 
THE EAGLE-PICHER COMPANY 
CINCINNATI (1), OHIO 
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FAST, SAFE CLEANERS 
FOR HEAT EXCHANGER, 
CONDENSER TUBES 


Airetool’s geared tube cleaner for small 
diameter tubes (illustrated above) cuts 
down time — cleans heavily scaled heat 
exchanger and condenser tubes quickly, 
thoroughly and without damage to tube 
walls. Straight flute. drill, spiral brush 
and reamer heads make this cleaner ef- 
fective against all scale conditions. 


Quiet, too. The muffler cuts motor noise 
so that ordinary conversation can be car- 
ried on while cleaner is in operation — 
without reduction in power. 


Airetool Expanders for heat exchanger, 
condenser and other small diameter tubes 
are built by skilled mechanics from care- 
fully tested, high quality alloy steel. 


Write Airetool Mfg. Co., 300 S. Center St., 
Springfield, Ohio, for bulletins on tube 
cleaners and expanders for refineries. 


RETURN BEND CLEANER 


Airetool's return bend cleaner, with flex- 
ible shaft, is used with the light, sturdily 
constructed, powerful buffing motor. (Il- 
lustrated) The motor has convenient, effi- 
cient one-hand grip and trigger control. 


MIDGET CLEANERS FOR 


when hours count 
use AIRETOOL 


tube cleaners 


LIGHTLY SCALED TUBES 


Midget 
universa 
drill head. 


head. 














There is an Aire- 
tool Cleaner for 


every type of tu- 
bular construction! 
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were studied and determined. The bes; 
method for purification of the resulting 
perfluoroheptane and perfluorodimethy|. 
cyclohexane was found to be fractional 
distillation. Measurement of the dielec. 
tric constant of the crude and distilled 
products proved to be useful in controll. 
ing quality, whereas infrared methods 
were used for the analysis of the fina! 
purified product. 


Low Polymers of Chlorotrifluoro. 
| etnylene. Preparation and Utilization in 
| Chlorofluorocarbon Lubricants. WILLiAy 
T. Miter, Jr., Atpert L, DitrMan, Rop- 
ERT L. EHRENFELD AND MAURICE Proper 
Ind. Eng. Chem. 39 (1947) pp. 333-7. 
The work was undertaken to develop 
| a practical synthetic method for the pro- 





greases, that is, materials required be- 
‘cause of their unusual properties of 
chemical stability. Highly stable chloro- 
perfluorocarbon polymer oils, greases, 
waxes were made from chlorotri- 
| fluoroethylene. Low polymers of chloro- 
trifluoroethylene in the desired range oj 
niolecular weight were prepared by solu- 
tion polymerization with peroxide pro- 
motion. The solvent functioned as ; 
chain transfer agent to control molecula: 
weight while maintaining high monome: 
conversions. Final products were pro- 
duced by treating appropriate fractions 
with cobalt trifluoride to fluorinate re- 
active end groups introduced during the 
polymerization process. Thermal crack 
ing of chlorotrifluoroethylene polymers 
was developed to increase the over-all 
yield of oil and to recover monomer 
The polymer oils were satisfactory lubri- 
cants. They exhibited greater change in 
viscosity’: with temperature than petro- 
leum oils but less than perfluorocarbon 
oifs available for comparison. Solubility 
behavior was normal. 


| duction of fluorocarbon-type oils and 


Preparation of Fluorine-Containing 
Polyhaloheptenes. E. T. McBee, et al 
Ind. Eng. Chem. 39 (1947) pp. 305-9. 

Polychloroheptanes containing ap 
proximately 83 percent chlorine, corre- 
sponding to the average formula C;HCh:, 
were prepared by the liquid-phase photo- 
chemical chlorination of heptane in a 


| temperature range starting at 25° C. and 


increasing gradually to 100° C. The 
polychloroheptanes were converted to 
polychloropolyfluoroheptenes containing 
about 29 percent chlorine and 47 percent 
fluorine (C;HxClsFs) by treatment with 
hydrogen fluoride and antimony penta- 
halides. The antimony residues can be 
re-used in subsequent fluorinations " 
they are maintained in anhydrous con¢l- 
tions and are chlorinated prior to re-use 
Polychloroheptenes corresponding to the 


formulas C;H:F x, C;H:CIFu, C:H:ChF». 
| and C;H:Cl,F, were isolated from the 





fluorinated products made. 


Synthesis of Tetrafluoroethylene. 
Pyrolysis of Monochlorodifluoromethane. 
J. D. Park, A. F. Benntne, F. B. Dow%- 
inG, J. F. Laucrus anp R. D. MCHARNESS 
Ind. Eng. Chem. 39 (1947) pp. 354-8. __ 

The authors studied the noncatalytic 


| cracking of monochlorodifiuoromethane 


resulting in the. synthesis of seve 

series of organic fluorine compoum 

The. most interesting of the products 
was tettafluoroethylene. Cracking W*® 
genefally effected_in an inert reactio” 
tube at temperatures above 650° C. The 
effect of temperature, pressure, and com 
tact time on yields of the various pro® 
ucts ‘was studied. Generally the relative 
amounts of products was found to be 4 
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HOW ASPHALT STOPS AIR 





= 


MASONRY WALL 





PORTLAND CEMENT 


MASONRY WALL 





PORTLAND CEMENT 





ASPHALT PRIMER pers 
CORKBOARD CORKBOARD 
Use of portland cement mortar Erection of insulation by the 
to install insulation permits asphalt specification ‘seals out 
air and moisture infiltration. moisture laden air. 
cmitniaiemnsiaeiandinaanaia an 


OST low-temperature insula- 
tion today is erected by using 
the asphalt specification. Twenty- 
five years ago, most of it was erect- 
ed in portland cement mortar. 
This change in specifications has 
greatly improved the efficiency of 
low-temperature applications 
In the 1920’s the average tem- 
perature required in refrigerated 
spaces was about 32° F Even at 
that temperature, portland cement 
without moisture protection was 
not entirely satisfactory. For port- 
land cement alone, like most ma- 
terials, can’t keep out air. One 
square foot of 13-inch brick wall, 
with 14” of portland cement plas- 
ter, at 40 pounds pressure allows 
more than 100 cubic feet of air 
‘o pour through in an hour. This 
aif carries moisture which con- 
denses, lowers insulating efficiency, 


and weakens the insulation bond. 
In addition, when processing 
and holding temperatures began 
plummeting down—to zero and 30 
below—more trouble started. The 
air-pressure and vapor-pressure 
differentials between the inside 
and outside of refrigerated rooms 
and buildings grew wider apart. 
And the moisture pouring into the 
structure turned to ice, often push- 
ing the insulation from the wall. 
The Armstrong Research Lab- 
oratories developed the asphalt 
specification after exhaustive tests 
of many different erection meth- 
ods. This specification overcame 
the weakness of the portland ce- 
ment method and has since be- 
come a standard in the industry. 
Asphalt, it was found, is an ex- 
cellent adhesive—and because its 
permeability to air is practically 


For All Temperatures 
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zero, it eliminates moisture pene- 
tration, the chief weakness of the 
portland cement method. 

The asphalt specification still 
uses portland cement as a back 
plaster to true up masonry walls. 
But it also calls for a-coat of as- 
phalt priming paint over trued-up 
masonry walls, plus erection in hot 
asphalt. This has proved to be a 
most practical method—effective, 
easy to handle, low in cost. It is 
also typical of Armstrong research 
and product improvement. Many 
important developments in the 
low-temperature ‘insulation field 
have come from Armstrong and 
there will be others in the future. 

For the complete specifications 
write today to .Armstrong Cork 
Co., Building Materials 
Division, 


7505 Concord A 
Street, Lancaster, Penna. ; 


ARMSTRONG’S INDUSTRIAL INSULATION 


Complete Contract Service 


To 2600° 
Fahrenheit 
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yu Buy ANY Domestic 
Water 


See the PEERLESS Water King 


system 





Exclusive 


Water King 
Features 


SIMPLIFY WATER PUMPING-— 
LOWER COSTS 


THE MOST ADVANCED PUMPING 
PRINCIPLE IN THE LAST 10 YEARS 


“Magic Wings to Water Lift” 


The trouble-free simplicity of the patented 
Peerless Water King is a real innovation in 
water pumping, Here is the ideal pump for 
do: c and light industrial water systems, 
meeting every requirement for simplified pump- 
ing at lower costs. 


The Peerless Water King is the pump with 
7 ic Wings to Water Lift."’ The Water King 
isa llow well pump, embodying an exclusive 
**magic” pumping element: a hard chrome rotor 
revolving in a rubber stator that draws water 
upward and forces it into pressure tank—the 
most advanced pumping principle in the past 
10 years. Capacities: 275 to 860 g.p.h., against 
pressures up to 40 Ibs.. There are no parts of the 
pump underground. 100% automatic. Easily in- 
stalled over the well or offset. Pumping element 
highly resistant to abrasive and corrosive ac- 
tion. Finely engi- 

The neered — Compact— 
Peerless Quiet—Trouble-free. 


Water 
King 
















PLAN 
WITH PEERLESS 


Peerless hasa pump 
forall your needs for 
water—from 10 to 
220,000 gallons per 
minute! Write to 
Peerless factory or 
district office for lit- 
erature and name of 
nearest dealer. 


by less Patent 
2,346,428 

5 R. Moineau’s 

. S&S. Letters Patents 1,- 

802,217-2,028,407 — Re- 

eaue . na- os ‘ 

Sian Patent 952°574; Rov. | Descriptive Bulletins 

bins & Myers, Inc., Sole | available. 
Canadian - 


J 











PEERLESS DOMESTIC 
WATER SYSTEMS 
A PEERLESS JET SYSTEM, TOO 


For Deep or Shallow Wells. 
Capacities: 120 to 7500 g. p. h. 
Lifts up to 120 feet. 







Seeman angie 
and compact rless 
Jet Water System 
produces all the water 

ou want for normal 

ght industrial oper- 
ating requirements. It 
is a pressure system, 
entirely automatic, 
and occupies little more space than an electric 
motor. A Peerless Jet Water System offers a 
lifetime of trouble-free water service at mini- 
mum cost. Can be installed over well or offset. 
Write for Bulletin B-155-1 describing Jet Water 

in detail. 


iM 


PEERLESS PUMP DIVISION 
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function of pressure and conversion. 
Tetrafluoroethylene is the only olefin 
isolated from the products. This chemi- 
cally reactive compound, found to be a 
gas boiling at —76.3° C. at 760 mm., is 
the basic material for the synthesis of 
fluorinated compounds useful as refriger- 
ants, dielectric media, solvent media, 
plastics, and the like. A series of com- 
pounds having the general formula 


H(CF;).Cl was obtained. Members from 
C; to Cu were isolated. They were aj] 
found to be nontoxic and chemically 
stable and, with the exception of 
H(CF2)eCl, are new compounds. Ap. 
other series, the cyclic perfluorides, was 
obtained, as well as a third series. Some 
of these compounds were extremely 
toxic, and were identified as fluoro. 
chloromethylcyclopropanes. 





Manufacture: Processes and Plant 





Handling Solids-Gas Reactions by 
Fluidization. JoHn C. Ka.pacu. Chem. 
Eng. 54 (1947) pp. 136-8. 

Experience with fluidized solids has 
been gained in using the solids as a 
catalyst. However, the fluidization proce- 
dure can be used in the solution of 
chemical problems in which the fluidized 
material itself enters into the reaction. 
Applications of this sort, such as coal 
gasification and lime calcination, are 
rapidly becoming of interest. Tempera- 
tures can be accurately controlled and 
heat transfer rates are high so that 
higher reaction rates can be secured, 
as compared with situations in which 
stationary solids are used in beds. Sev- 
eral vessels must sometimes be used, 
either to reduce needed vessel height, or 
to minimize short circuiting and to per- 
mit the approximation df counterflow. 
The present article is concerned with the 
development and presentation of the 
main equations needed in order to get 
the data essential for the design of com- 
mercial systems. Single reaction zones 
and multiple reaction zones are con- 
sidered: 


Production of Toluene by the Crack- 
ing of Solvent Naphtha and Xylols in 
Hydrogen. Part I. Experiments at At- 
mospheric Pressures. E. A. Coutson, R. 
Hann ey, E. C. Hott anp (the late) D. A. 
STONESTREET. Jour. Soc. Chem. Ind. 65 
(1946) pp. 396-8. 

Light solvent naphtha or xylene frac- 
tions were passed at controlled rates 
along with hydrogen through a silica 
tube containing various contact materials 
and held at closely controlled tempera- 
tures. It was found that temperature 
control was most important in order to 
achieve high yields of toluene. Variation 
of contact time or of ratio of hydrogen 
had no great effect. There was little to 
choose between many of the catalysts 
used and even the best did not strikingly 
increase the yield over what would be 
secured with an empty tube. More than 
130 experimental runs were made, and 
in the best of them the starting ma- 
terial was recovered as xylene contain- 
ing less than 0.5 percent of toluene. 
However, when silver gauze was used 
at 750° C. with hydrogen, for a contact 
time of 0.25 minutes, the product con- 
tained an amount of toluene equal to 
over 35 percent of the raw material used. 


Production of Toluene by the Crack- 
ing of Solvent Naphtha and Xylols in 
Hydrogen. Part Il. Experiments in 
Metal Reaction Tubes, and with Increase 
of Pressure Above Atmospheric. E. A. 
Coutson AND R. Hanoiey. Jour. Soc. 
Chem. Ind. 65 (1946) pp. 398-402. 

The paper is a report on an extension 
of the work described by the authors in 
which atmospheric pressure was used. 
The work included experiments at pres- 
sures up to 12 atmospheres and treat- 


— 


ment of vertical retort toluene of ‘ow 
specific gravity. The best toluene yields 
from crude xylenes reached 40 to % 
percent and were obtained at 12 atmos. 
pheres and 650° C. Non-aromatic com. 
ponents of vertical retort toluene are 
removed by a thermal retort treatment 
at 675° C., and toluene of more than 9 
percent purity could be recovered by 
straight fractional distillation of the 
treated liquid product. The apparatus 
used in the work is described and the 
results are presented in some detail in 
tabular form. 


Design and Operation of a Light 
Hydrocarbon Distillation Drier. G. C. 
Gester, Jr. Chem. Eng. Progress 43 (1947) 
pp. 117-22. 


Dehydration of light hydrocarbons is 
required whenever the water held in 
solution at ordinary temperatures may 
prove to be a source of trouble in some 
subsequent processing step. Ice forma- 
tion, hydrate formation, decreased cata- 
lyst activity, or increased corrosion are 
examples of problems that arise as a 
result of failure to remove water by 
decantation alone. The problem that 
prompted the work described in the 
paper was the formation of ice crystals 
when saturated hexane, mixed with 
waxy lubricating oil stock, was chilled 
to below —50° F. in a well-known sol- 
vent dewaxing process. The difficulty 
was overcome by the building of a dis- 
tillation drier, after a chemical drier, 
after a chemical drier was found to be 
unsatisfactory. The paper describes the 
design and operation of equipment that 
reduces the water content of a hexane 
cut from 130 to less than 20 ppm. Exist- 
ing data on the solubility of water m 
hexane were studied and a curve repre- 
senting the data regarded as most reli- 
able is presented. Calculated plate effi- 
ciencies were found to be between 196 
and 27.1 percent, but the: efficiencies 
actually observed in operation range 
from 4 to 7% percent, indicating that 
caution is necessary in designing com- 
mercial equipment. 


Production of Synthetic Alcohol from 
Ethylene. C. M. Beamer. Chem. Eng. 
Progress, 43 (1947) pp. 92-6. 

Synthetic alcohol production from 
ethylene, which was started in 1930, has 
become more important year by yea. 
Ethylene, preferably in concentrated 
form is, converted to ethyl sulfate, that 
is, mono- and disulfate, by absorption ™ 
sulfuric acid. The sulfates are _ 
with water to give ethyl alcohol a” 
dilute Sulfuric acid. The alcohol is pu 
fied by distillation and the sulfuric ac 
is concentrated for reuse. Quality of the 
synthetic alcohol is excellent and eq¥@ 
to the best grade of fermentation alcoho 
Alcohol is used in the production ° 
smokeless powder, synthetic rubber, Pt 
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WORTHINGTON COMBATS ‘ 
WEAR and CORROSION 
with | 


NI-RESIST 




















No other cast iron matches the economical perform- 
ance of Ni-Resist*. 

ts resistance to corrosion, heat and wear, helps save 
labor, cuts maintenance costs, and prolongs equip- 
ment life. 


That’s why Worthington Pump & Machinery Corpo- 








TRADE MARE 






This sectional view of a direct-acting “HiVol” piston 
pump shows the unlubricated end where Worthington 
uses a Type 1 Ni-Resist liner. Uniform graphite distri- 
bution throughout Ni-Resist enables this alloyed cast 
iron to minimize galling and metal to metal wear in 








pumps like those shown. 


ration uses removable Ni-Resist liners in the liquid 
ends of their well-known “HiVol” pumps. 


Applications in the petroleum industry include acid 
mixers, valves, vapor lines, bubble caps and trays, 
traps, condenser top sections, etc. It pays to use Ni- 


Resist ... write for additional information. 
“Reg. U.S. Pat. Off. 


Over the years, International Nickel has accumulated a fund of useful 
information on the selection, fabrication, treatment and' performance of 
engineering alloy steels, stainless steels, cast irons, brasses, bronzes and 
other alloys containing Nickel. This information and data are yours for 
the asking. Write for “List A” of available publications. 


THE INTERNATIONAL NICKEL COMPANY, INC. Stwoncs't 
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eee and at low cost conversion 


Converting a government leased catalytic butane isomerization unit to a 
polymerization unit paid off in a hurry for Cooperative Refinery Association, 


Coffeyville, Kansas. 


HERE IS A QUICK PICTURE OF THIS PROFITABLE CHANGEOVER: 


UOP engineers analyzed the problem. Found that simple, low cost changes 
would convert the isomerization unit to the new service. Engineers for 
Cooperative Refinery Association laid the plans for the conversion making it 
possible to complete the job in less than thirty days. The unit is now 

producing 82.5 octane number polymer with a 95 octane blending value. 
Overall gain, 6% increase in cracked gasoline yield from a minimum investment 


which paid out after only a few months operation. 


This type of service is just one of the many ways UOP engineers are serving the 
petroleum industry. UOP processes and UOP engineering service are enabling 
many independent refiners to meet today’s production and marketing requirements, | 
fully utilize their equipment and keep operations at a profitable level. hs 


We shall be glad to discuss your refining problems with you. 


UNIVERSAL OIL PRODUCTS COMPANY 


General Offices: 310 S. MICHIGAN. AVE. ® CHICAGO 4, LLLINOIS, U.S. A 


LABORATORIES: RIVERSIDE, ILLINOIS 
UNIVERSAL SERVICE PROTECTS YOUR REFINERY 
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ARMORED FLOWRATOR 
FOR TOUGH 

















Supplied as: 
1. Direct 
Indicator 
2. Remote 
Indicator 
3. Recorder 
4. Totalizer 
5. Automatic 
Controller 
6. Automatic 
Proportioner 


The F. & P. FLOWRATOR instrument (for- 
merly called Rotameter) is now available for 
any pressure or temperature and for large flow 
rates in the new armored “valve-body” design 
having no glass parts exposed to. operating 
pressure differential. 


It uses magnetic, electric or electronic trans- 
mission systems. With the electronic system 
it can record and control flows down to fractions 
of a cc per minute, is continuously self-balanc- 


ing, travels full scale in less than 3 seconds, 


uses no slide wire. 


The automatic proportioner arrangement, due 
to its linear chart scale, eliminates the range 
restrictions and coordinates difficulties inherent 
in variable head (orifice) type proportioning 
installations. 


PRICES NOW REDUCED TO LESS 
THAN WAR-TIME PRICES 


For detailed information send for: 
Catalog 40—Armored meter 
Catalog 50—Electric and magnetic remote 
instrument 
Catalog 52—Electronic recording instrument 


DEPT. 7P-1C HATBORO, PENNA. 
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tective coatings, plastics, pharmaceuti- 
cals and many other essential products. 
Approximately two-thirds of the buta- 
diene for the synthetic rubber program 
in 1943 and 1944 came from alcohol. 
Industrial alcohol in the future will be 
made chiefly from molasses or by syn- 
thesis. 


Production of Ethylene from Ethane- 
Propane. H. C. Scuutt. Chem. Eng. 
Progress, 43 (1947) pp. 103-16. 


Production of ethylene from light, 
saturated hydrocarbons involves con- 
version of the charge by pyrolysis and 
separation of the conversion product. 
Fresh feed is combined with a selected 
fraction from the pyrolysis coil effluent 
and is charged to the furnace where it 
is heated to the proper temperature at 
which the desired or maximum conver- 
sion takes place. A quench system is 
used to reduce the temperature rapidly 
at the coil outlet. The quenching medium 
can be either oil or water. Cooled con- 
version products are compressed, de- 
hydrated and separated by fractionation 
into a residue gas of hydrogen and 
methane, ethylene product stream and a 
selected fraction “suitable for recycling. 
Typical commercial-plant performance 
data are presented. The furnace coils 
are designed for continuously rising 
temperature up to the outlet and no 


constant-temperature soaking tubes 

employed. For maximum ethylene yield 
the reaction should be conducted at |p 
pressure, high temperature and sho 
time. Reasonable service life is obtaine 
with stainless-steel tubes, types 302, 314 
and 347, at operating temperatures , 
the metal up to 1500° F. and with typ 
No. 310 up to 1600° F. In order not , 
exceed these maximum temperatures an; 
keep down maintenance and replace 
ment costs, it is important to desig, 
for a fluid film transfer rate of 125 to 2% 
Btu/sq. ft./hr./degree. Moderate radian 
heat transfer rates in the range of 0 
to 11,000 Btu/sq. ft./hr. are employed 
most advantageously. Data on gas com 
positions in commereial operations ard 
presented in tabular form, as well as ix 
graphs. Data are given on percentage 
of conversion per path. A_ bibliography 
of 24 references is included. 










Chlorine vs. Materials of Construction, 
Part II. A Sympostum. Chem. Eng. & 
(1947) pp. 219-34. 


The article is Part II of a symposium 
in which various materials are evaluated 
for use in services involving wet and dry 
chlorine and chlorine water. The ma 
terials discussed are vitreous silica 
worthite, tantalum, silicones, rubber, 
glass-lined steel, carbon and graphite 
hastelloy, and wood. 
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The Influence of Spray Particle Size 
and Distribution in the Combustion of 
Oil Droplets. R. P. Propert. Phil. Mag. 
37 (1946) pp. 94-105. 

The vaporization of liquid in spray form 
is considered theoretically, using the laws 
of size distribution in a spray and of the 
effect of size of single droplets on evap- 
oration. The mean diameter and rate of 
evaporation for given distributions are 
evaluated, as well as the variation of 
the volume of a spray as vaporization 
proceeds. The effect of distribution on 
the intensity of combustion is discussed 
and the characteristics that are desir- 
able in the spray from the standpoint of 
the combustion of the liquid are stated. 
Data sheéts are given to assist in corre- 
lating experimental evidence of the ef- 
fects of the atomizing characteristics on 
combustion loss and flame length. Fac- 
tors considered include distribution of 
fuel in the spray, evaporation, mean 
diameter of the spray, mean diameter 
of the injected spray, mean diameter of 
the burning spray, mean diameter and 
specific volume in combustion, combus- 
tion intensity, and incomplete evapora- 
tion of the spray. It is desirable that a 
liquid-fuel spray should have a small 
value of the size constant and a large 
value of the distribution constant, even 
though this condition may give a slower 
initial rate of evaporation. : 


Low - Temperature Viscosity. Effect 
of Additives on Oils at Low Tempera- 
ture. I, Introduction. K. S. Ramarya. 
Petroleum (London) 9 (1946) p. 256. 


Viscosity of lubricating oils at low 
temperatures is of special significance 
in connection with starting and wear of 
automobile and aircraft engines. The 
starting moment of the motor depends 
on the viscosity of the lubricant at the 
starting temperature. Wear of a motor 
in the warming-up period depends on 
the pour point and viscosity of the oil 













and is caused by inadequate supply of 
the extremely viscous oil to bearing 
surfaces. Internal friction that causes 
difficult starting differs from internal 
friction. that hinders adequate supply of 
oil through the tubes of the lubricating 
system. At low temperatures, oils are 
more like plastic bodies than true fluids 
that follow thé laws of viscosity. Be- 
havior of lubricating oils at low tempera- 
tures in relation to shear stress is dis- 
cussed. 


The Lubrication of Pre-Selective Gear 
Boxes. A. T. Wiirorp. Jour. Inst. Pet. 3 
(1947) pp. 1-43. 


The paper describes the lubrication 
problem that presented itself following 
the introduction of pre-selective geaf 
boxes on buses operated in London ané 
other British cities. Considerable diffi- 
culties were encountered attributable to 
severe oxidation of the oil. The trouble 
led to drivers’ complaints, service delays, 
and abnormal gear-box maintenance. 
After considerable investigation, the 
trouble was kept ‘within bounds by the 
use of a straight mineral oil of Pennsyl- 
vanian origin which was changed every 
6000 miles. The final solution of the 
problem came in the use of an inhibited 
turbine oil which remained in_satisfac- 
tory service throughout the 80,000 miles 
elapsing between consecutive gear-box 
overhauls. Many other lubricants wet 
tested, eight of which contained oxid 
tion inhibitors. The results of these set 
ice tests are reviewed. The need (0 
conducting such tests on an adequatt 
scale and for a sufficient length of time 
is emphasized, although the author feels 
that there is a need for developing 
oxidation test that might serve to reduce 
the duration of service tests themselves 
More recently, tests with a further num 
ber of inhibited oils have been start, 
with the object of widening the possible 
source of supply of lubricants. 
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fluids 
. Be- 
per 
; dis-f Interrupted service due to premature failure of heat maximum service life, without objectionable contami- 


exchanger tubing can often be avoided by studying the _ nation of the product. 
1 yg ure of the corrosive media which exist both inside Bridgeport’s Duplex Tubing is available in combi- 


_ Band outside of the tubing. By selecting the material nations of many alloys—Copper, Arsenical Admiralty, 
_ 
~~ stand outside corrosion, and combining them in the IV** (aluminum bronze)—with steel, monel, stainless, 
diffi form of Duplex Tubing, a troublesome and difficult aluminum or nickel, either inside or outside. 
oh problem can often be solved. It will pay you to consider Duplex Tubing in relation 
_m For example, in ammonia refrigeration, good service to both sides of your corrosion problem. Contact our 


e has been obtained from Duplex Tubing made up of Technical Service Department through the nearest 
j \4 7 
nsy!-@ Steel to the ammonia side and copper or brass to the Bridgeport office and write on company stationery for 


ver" water side. Duplex Tubing in heat exchangers handling our Duplex Tubing Technical Bulletin No. 746. 
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Digest of Recently Issued United States 


Patents Pertaining to Petroleum Refining 


Compiled by HEINZ HEINEMANN 
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U.S.P. 2,415,541. High-Boiling Aromatic 
Oil. F. J. Soday to The United Gas 
Improvement Company. 


The hydrocarbon oil according to this 
patent has been physically separated 
trom tar produced in the vapor-phase 
pyrolysis of petroleum oil at average 
temperatures above 1300° F. The said 
hydrocarbon oil boils between 225°C. and 
450°C., is free from and of greater vola- 
tility than the pitch of said tar, and has 
an aromatic hydrocarbon content of at 
least 90 percent. It is substantially free 
from solid bodies at 10°C. and also free 
from resin-forming material. The oil is 
particularly well adapted for use as a 
plasticizing softening and tackifying 
agent for synthetic rubbers and for 
elastomers. It can, for example, be pro- 
duced from a petroleum. oil gas tar emul- 
sion obtained by the pyrolysis of a 
Bureau of Mines type 7 naphthenic oil in 
the presence of steam in a ceramic 
chamber. The tar can be removed by 
solvent extraction. 


U.S.P. 2,415,921. Separation of Butenes, 
N-Butane, C-3 and Lighter Hydrocar- 
bons by Extractive Distillation. C. R. 
Wagner to Phillips Petroleum’ Com- 
pany. 

A hydrocarbon mixture consisting 
mainly of C, hydrocarbons derived from 
the effluent of the catalytic dehydrogena- 
tion of n-butane to butene-1 and bu- 
tene-2 and principally composed of un- 
converted n-butane and butene-1 and bu- 
tene-2 but containing small amounts of 
C,; and lighter hydrocarbons is_ sub- 
jected to extractive distillation with a 
relatively non-volatile selective solvent 
which dissolves butenes in preference to 
butane. The butane passes undissolved 
overhead substantially free from butene 
but in admixture with the C; and lighter 
hydrocarbons. This overhead is con- 
densed and passed to an accumulator 
where a vaporous fraction containing 
most of the C; and lighter hydrocarbons 
is separated from the liquid n-butane. A 
portion of this condensate fraction is re- 
fluxed to the extractive distillation while 
the remainder of this fraction is used for 
recycle to the dehydrogenation step. The 
enriched solvent is reboiled to drive off 








The Croll-Reynolds Company was originally 
founded im 1917 by engineers who had 
already accumulated specialized experience 
in the design and manufacture of steam jet 
vacuum equipment. Since then this organiza- 
tion, still under the active leadership of the 
original founders, has specialized on this 
particular item, to a very exceptional degree. 
The applications of steam jet vacuum equip- 
ment, have increased tremendously in this 
time. Great progress has also been made in 
improving the simplicity and efficiency of 
the equipment. Even greater in importance 
is the wider range of vacuum which can be 
produced. Almost every year finds commer- 
cial equipment producing vacuum higher 
than was thought possible outside of lab- 


oratories. 


CROLL-REYNOLDS CO. 


17 JOHN STREET, NEW YORK 7, N. Y. 


CHILL VACTORS STEAM JET EVACTORS 
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While the steam jet vacuum equipment is 
not suitable for the extremely low pressures 
obtained with diffusion pumps, it has been 
developed to the point where it overlaps the 
applications of this equipment, particularly 
at pressures above 100 microns. From this 
pressure through all the intermediate range 
of vacuum up to atmospheric pressure, Croll- 
Reynolds EVACTORS are handling a great 
variety of industrial requirements, and fre- 
quently helping to pioneer new industrial 
processes. Inquiries are solicited on this 
equipment, also on all types of steam. con- 
densers, and on the Croll-Reynolds CHILL- 
VACTOR unit for flash cooling of water 


and aqueous solutions. 
Un 


REYNOLDS 





CONDENSING EQUIPMENT 


absorbed butane in the bottom section 
of the extractive distillation zone, where. 
upon the solvent containing the butenes 
is withdrawn from the bottom of this 
zone and stripped to recover the bu- 
tenes. The mixture of butene-1 and bu- 
tene-2, thus obtained, is employed as feed 
to a step in which normal butenes are 
dehydrogenated to butadiene. Furfural is 
the preferred selective solvent. 


U.S.P. 2,416,360. Prevention of Foaming 
of Hydrocarbon Oils. C. E. Trautman 
and H. A. Ambrose to Gulf Research 
and Development Company. 

A stable fine dispersion of a liquid 
organo-germanium oxide condensation 
product insoluble in hydrocarbon oil 
and having a bow interfacial tension to- 
ward the oil is produced in hydrocarbon 
oil in an amount sufficient to decrease 
the normal foaming tendency of this oil 
and insufficient to deleteriously modify 
desirable properties of the oil. An 
amount of 0.001-0.5 percent of the addi- 
tive is preferred. 


U.S.P. 2,416,377. Purification of Aro- 
matic Hydrocarbons by Azeotropic 
Distillation. W. J. Chadder to Koppers 
Company, Inc. 

Aromatic hydrocarbons are separated 
from admixture with non-aromatic hy- 
drocarbons boiling up to about 15° 
higher than the boiling point of the 
aromatic hydrocarbon by distilling the 
mixture with a 2-component entraining 
agent composed of a monohydric alco- 
hol and water. The non-aromatic hydro- 
carbons are distilled overhead with the 
alcohol while the aromatic hydrocarbon 
passes with the water downward through 
the fractionating column. The amount 
of the entraining agent is controlled so 
that the descending aromatic hydrocar- 
bon is withdrawn from the column be 
low the point of entry of the hydro- 
carbon mixture and that no alcohol will 
be present at this point of withdrawal. 
The water is separated from the with- 
drawal aromatic hydrocarbon, and the 
latter is returned to the column at 4 
point immediately below the level o 
its withdrawal. The distillation of the 
aromatic hydrocarbon is continued im 
the bottom of the column. Aromatic hy- 
drocarbons free of non-aromatics and 0! 
both components of the entraining aget 
are withdrawn from the base of the 
column. 


U.S.P.: 2,416,397. Refining Mineral Oils 
N. E. Lemmon to Standard Oil Com- 
pany, (Indiana). 

Oil-soluble, sulfonic compounds not 
emulsifiable in water are obtained from 
petroleum oils by treating an oil with 
Saybolt Universal viscosity at ~ 
above 225 seconds with 2-4 pounds % 
concentrated H:SO, per gallon_of o% 
The acid sludge is separated. The 5 
fonic compounds formed. are extracte 
from the treated acid oil with alcohe" 
The latter is removed from the extract 
and the extract is then again treate 
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Car- Be fie $ ee 
ie he a Equipment of “Karbate” Impervious Graphite Defies Corrosion 
il] an ‘ : oe ‘ 
aa © ene W HEREVER in your chlorinating process you want to avoid 
vith ee ae replacing costly equipment (including pipe lines and connec- 
the -_ me tions)— use “Karbate” impervious graphite. In fact, practically the 
: i. oe Se “ entire system can be safeguarded by this material. Here’s why: 
the - i nae Equipment made of impervious graphite resists corrosion, stays 
d it : a on the job indefinitely — saving substantial replacement costs over 
hy = ¢€ 75 < the years. Moreover, such equipment is light in weight, yet strong. 
yi “a LNG It is resistant to thermal and mechanical shock. It has a very high 
~ the B. 3 lam . heat-transfer rate. 
: Yes, as chemical engineers are finding 
Oils. “ out, “Karbate” impervious graphite is an 
Som: ”K ” Contrifaral economical material for chlorination and 
* ST HCl recovery equipment. For more de- WISE UP TO 
= 4 tails, write Dept. PR. IMPERVIOUS 
ro’ ~ 
ith a es The word “Karbate” is a registered trade-mark of GRAPHITE, fe 
- ‘ : 3 ' NATIONAL CARBON COMPANY, INC. HAVE TO KISS 
ol f 7, 30 East.42nd Street, New York 17, .N. Y. THIS PROCESS 
sul: . Unit of Union Carbide and Carbon Corporation GNO0D-BYE ' 
acted a : : % 7 
oho! | Division Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 


pract. oe ee New York, Pittsburgh, San Francisco 
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Cadmium Plated For Protection 
Against Corrosion and For Better 
Appearance 

® High-Grade Woven Monel Wire 
Screen 

® Readily Removed Steel Blow- 
Off Bushing 

® Screen and Bushing Come Out 
Together—Go Back Together, 
Automafically Aligning 

® For Steam Lines or Water, Oil 
and Other Fluids 

® Reasonably Priced 

® 6 Sizes from ‘*s" to 2” for Pres- 
sures up to 600 lbs 

® Many Thousands in Service 

® Sold by Over 100 Mill Supply 
Houses 


See Your Supply House or 
Send for Bulletin S-201 


YARNALL-WARING COMPANY 


128 Mermaid Avenue PHILADELPHIA 18, PA. 


YAR WAY STRAINERS 
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with 1-3 pounds of concentrated H,§ 
per gallon of oil, and the reaction pr 
duct is further treated as in the § 
stage. The sulfonic compounds obtai 
are well suited as resting and corro 
inhibitors. Medicinal mineral oils 
technical white oils remain after 
extraction of the sulfonic compour 





















U.S.P. 2,416,404. Process and App: 
for Adiabatic Fractionation. W. | 
Proell to Standard Oil Company (ff 
diana). R 
The apparatus for fractionating a 7 

row-boiling mixture comprises an inn 

fractionating column, a shell surroum 
ing this column, means for accumulaty 

a pool of liquid in the lower portion” 

this shell. The bottom of jhe fractional 

ing column has direct vapor communi 
tion with the vapor space above 
pool. By means of valves responsive: 
conditions within the shell it is possi 
to controllably withdraw vapor from 
shell at a high point, and means are pn 
vided for condensing these vapors ¢ 
side the shell. At least a portion of ¥ 
condensate can be returned to the po 

and a selected component of the m 

ture can be withdrawn from the coli 

while a second component can be with 
drawn from the shell. 


U.S.P. 2,416,500. Prevention of Corro- 
sion in Furfural Rerun Systems. V, 
Scarth to Phillips Petroleum Come 
pany. “y 
Furfural ‘which has been used ag 

selective solvent for separating unsatt- 

rated aliphatic hydrocarbons from @ 
mixture of hydrocarbons by extractive 
distillation is purified by distillation @ 
the presence of lime. The quantity ¢ 
lime added ranges from 2-4 times of thi 

required to neutralize the acidity of t 

furfural. Corrosion in the furfural rerv 

unit is inhibited by this process. 


U.S.P. 2,416,503. 2,416,504. Prevention of 
Foaming of Hydrocarbon Oils C. E. 
Trautman and H. A. Ambrose to Gulf 
Research and Development Company. 
Foaming in hydrocarbon oils is sup- 

pressed by producing a stable fine dis- 

persion of a liquid organo-silicon con- 
densation product in the oil. An amount 
of at least 0.5 parts of this material per 
million parts of the oil but insufficient to 
substantially modify the desirable prop- 
erties of the oil is added, for example 

0.5-100 parts per million of the oil. 
According to U.S.P. 2,416,504 a liquid 

organo-silicol condensation product ' 

employed for the same purpose and 
under equal conditions. 


U.S.P. 2,416,647. Process for the Recov- 
ery of Unsaturated Hydrocarbons. 
W. A. Schulze and J. C. Hillyer © 
Phillips Petroleum Company. 

’ A butadiene-isobutene concentrate 's 

separated from a C, hydrocarbon mv 

ture also containing n-butane and bw 

tene-1 by contacting this mixture with 
an olefin isomerization catalyst to com 
vert butene-1 to butene-2. The resulting 

mixture is fractionated to produce 4 

overhead fraction comprising butadiene 

isobutene and a bottoms fraction com 
prising n-butane and butene-2. 


U.S.P. 2,416,724. Fractionation Appar 
tus. T. A. Whaley to Phillips Petro 
leum Company. 
A bubble column for contact of vapor 

and liquids comprises in, combination 

vertical shell, spaced horizontal, per 
rated bubble trays extending across the 
shell, a bubble cap on each tray ope? 
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Refinery equipment of every description being offered for sale in units or single pieces. Th’s 
is the outstanding buying opportunity of the year! No waiting or promise of later delivery. 
All material offered for sale for immediate delivery. First come—first served! Don’t wait! Get 
in touch with us now. 


* PUMPS OF EVERY KIND HEAT EXCHANGERS STORAGE TANKS 
* COMPRESSORS HEATER FURNACES VATS 

* FITTINGS FRACTIONATING TOWERS DRUMS 

* CAST IRON AND STEEL PIPE ¢ STEEL BUILDINGS — COOLING TOWERS 


Many Other Items Too Numerous to Mention 


Our engineer and representative at the plant site daily to show you around. Inspection of equip- 


ment can be made at any time. We strongly recommend that you send your representative to inspect 
this plant and fill your requirements now instead of waiting indefinitely. 


WRITE, WIRE, or PHONE 


SAMPSON MACHINERY & SUPPLY COMPANY 


llephone No. 6 INGLESIDE, TEXAS P. O. Box 995 


(Near Corpus Christi) 
FRED GREENBERG, RESIDENT MANAGER 
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asic Petroleum Chemistry 
tor Refinery Employes 


The 10 Articles Published in Recent 
Issues of 
Petroleum Refiner 
by 
J. J. STADTHERR 
The price is $10.00 per copy 


A check with your order will facilitate handling, or 
billings can be made as directed. Use the order blank. 


PETROLEUM REFINER, 
P. O. Box 2806, 
Houston 1, Texas. 


Please send me copies of Basic Petroleum Chemistry for Refinery 
Employes, by J. J. Stadtherr. 


Name Steamer 
Street or Box number oes J 
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tively connected to one of the perfora- 
tions of the tray, an inverted J tube on 
each tray with its long leg extending 
through another of said perforations 
and sealed to this tray, and a conduit 
connecting the top of the bend of the J 
and the space below the tray to which 
this J is sealed. The apparatus allows 
transfer of liquid from a higher level to 
a lower level in the bubble tower in a 
controlled manner, particularly where 
granular solids are contained in the 
liquid, or where a plurality of liquids js 
to be handled. 


U.S.P. 2,416,924. Method and Means for 
dar ag Ebullition in Liquefied Pe. 
a . M. Jones to Green’s Fuel, 

nc. 

In order to promote vaporization ina 
confined body of liquefied fuel, e. g. for 
the ebullition of liquefied petroleum 
gases such as butane, propane, and the 
like, one or more rods are submerged 
in said body, each of these rods com- 
prising a jointfree portion of rattanlike 
plant matter and having the capillary 


| passages at the end of the rod open for 


penetration by the liquefied fuel and the 
portions between the ends protected by 
the natural skin of the plant. Reed, bam- 
boo, rattan, or other cellular wood rods 
can be employed for this method. 


U.S.P. 2,417,007. Absorption Oil Re- 
claimer. C. O. Meyers to Phillips Pe- 
troleum Company. 

Absorption oil, containing high-boiling 
impurities accumulated therein by use 
and previously enriched with absorbed 
gasoline hydrocarbon is passed into the 
inlet end of a contact zone. A stream of 
gasoline hydrocarbon vapors previously 
removed from another portion of the 
rich absorption oil and steam are intro- 
duced into the contact zone at a point 
intermediate its ends. Steam is also in- 
troduced into the contact zone at the out- 
let end. A combined stream of steam, 
gasoline, vapors and distilled absorption 
oil is withdrawn at the inlet end of the 
contact zone and is passed into a de- 
phlegmator where the distilled purified 
absorption oil is condensed and recov- 
ered. The uncondensed gasoline vapors 
and steam are withdrawn from the de- 
phlegmator and undistilled bottoms are 
withdrawn from the contact zone as 
reject material. 





CATALYST PREPARATION 
ACTIVATION AND REGENERATION 





U.S.P. 2,415;755. Apparatus for Con- 
tacting Solids with Gaseous Fluid. 
H. J. Ogorrzaly, H. Z. Martin and 
J. V. Marancik to Standard Oil De- 
velopment Company. 

The apparatus includes a vessel adap- 
ted for contacting gaseous fluid and 
solid particles and having a top outlet 
and a bottom outlet, an inlet conduit 
provided with an expanding conical 
member provided at its upper end with 
a horizontally extending perforated plate 
and arranged in the lower portion of the 
vessel. The conical member and perfor- 
ated plate are arranged centrally of the 
vessel, but spaced from its inner wall. 
A vertically extending elongated sleeve 


.is concentrically arranged in the lower 


portion of the vessel and also space 
from its inner wall. This sleeve exten¢s 
above and below the top of the cont 

member and in sealed contact therewith. 
A plurality of transverse baffles subdi- 
vides the space between the sleeve a" 
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NEEDLE VALVES 
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out when open- | 
ing or repacking 
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America’s First Name in Quality Valves .. 
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the inner wall of the vessel into a plural- 
ity of elongated, narrow, parallel sec- 
tions and a plurality of lines for intro. 
ducing gas into the lower portion of 
each of the parallel sections,. whereby 
solid particles from above the perforated 
plate and sleeve flow down into the par- 
allel sections countercurrent to the up- 
flowing gas to purge or strip the solid 
particles of entrained volatile material, 


To Improve Cast... 


Gaseous Fluids. E. J. Le Roi and J. H. 
Fluorescent Green H.W. 185% produces a eee ae SF. t4 Serene J 


Develop- 
es , 9 - . . +4: ment Company. 

Pennsylvania Cast” in lube oils. It is an additive The apparatus includes a vessel adap- 
- , se ted to contain a fluidized bed of solid 
which definitely will improve the salability of your particles and for contacting gaseous fluid 

_ — a top — and a bottom 

; outlet. An inverted conical inlet mem- 

| lubricants. ber is arranged in the lower part of 
the vessel and is provided at its upper 
end with a horizontal perforated plate. 
Both these parts are arranged centrally 
of the vessel and spaced from its inner 
wall. A vertically arranged baffle mem- 

Fluorescent Green: H WV T 85% ber is in sealed contact with the upper 
» < ° portion of the conical member and ex- 


| 
| tends downwardly therefrom. A space is 
i 





provided between the inner wall of the 
vessel and the baffle member for form- 


Solubility Soon esene serene readily and complete ing a stripping section for downward 
; ‘ : flow of the fluidized particles. Means 
Ri tiile Senciseitp- chasse unchanged by transmitted light are provided for introducing a stripping 


gas into the lower portion of said space. 
‘A second lower inverted conical mem- 
ber has its upper portion sealed to the 
STABILITY: bottom of the baffle member and is so 

, arranged as to reduce the volume below 
the conical inlet member and form a con- 
tinuation of said space communicating 





light idan ciieienbdniets Gnitetneseanamanenstntinininbanth fast with the outlet for flow of fluidized par- 

/ ticles thereto. The purpose of the appa- 
ee stable ratus is mainly the same as that of 

U.S.P. 2,415,755. ; 

ITE GE anne em ee =e PN stable U.S.P. 2,416,049. Regeneration of Spent 


Catalyst. A. L. Foster to Phillips Pe- 
troleum Company. 
A free hydrogen-containing gas is 
TESTS: passed through a mixture of a sludge of 
contaminated metal halide catalyst to be 
regenerated, a hydrocarbon diluent and 
| a hydrogenating catalyst preferably a 
solid metal oxide catalyst. A tempera- 
} ture of 500-1200°F. and an increased 
| pressure sufficiently high to prevent vol- 
atilization of any metal halide catalyst 
(e. g. 100-1000 psi) is maintained in the 
regenerating zone. Unconsumed hydro- 
gen is discharged, and the resulting mix- 
ture of hydrogenating catalyst, hydro- 
carbons and a solid metal halide catalyst 
is removed from the regenerating zone. 
Leading lube refiners in the United States and The hydrocarbons are separated from 
oS by filtration and sapcesord 
. . ated, and the overhead of this fraction- 
i/ abroad have used Wilmot & Cassidy products for ition fo recycled an Gltent, The re- 
maining mixture of catalysts 2 passed . 
] ; ; izi meta 
|| fifteen years. For samples, prices, and information  cepceision. sees seve fas, met 
] . ered as an overhead product. The hydro- 
: p ease write to: genating catalyst is recovered as bottoms 
and returned to the hydrogenation. Dur- 
! ing the vaporizing of the metal halide 
the solid mixture can be treated with 
| oxygen to burn any carbonaceous ma- 
} 


Wilmot €? Cassidy, Inc. |] var. sass itsass tv revo 


tion of Contact Mass manatels. J. W. 

Payne .to Socony-Vacuum Oil Com- 

| 108 Provost St. Brooklyn 22, New York oan ie, ’ 

Spent, contaminated contact material, 

such as spent hydrocarbon conversion ise 
catalyst, is introduced into a confined 
regeneration zone at a temperature suf- 

ficiently low to absorb as sensible heat CH I 
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= Requirements for sulphuric acid plants are seldom alike. 
| - 
st Sulphur ic Desired capacity, kind and quality of raw materials, type and 


cost of available utilities, geographical location, space limita- 


“a Acid Plants tions... all vary to some degree. 


¢. Most efficient production under specific conditions... at low- 
n- should be est operating and maintenance cost...can only be obtained 


“| TAILOR-MADE 1+ “silocmade” plan. 


al For an acid plant specially designed and constructed to solve 
ue fo bes f meet ‘your particular acid problems, consult CHEMICO. The ex- 
fe [rd tience CHEMICO has gained in building more than 600 
Ir 1VIGU Ps S 

: Z acid plants and other heavy chemical installations during the 
a- Req uirements past 30 years is your assurance of complete satisfaction. 


CHEMICAL CONSTRUCTION CORPORATION 
EMPIRE STATE BLDG., 350 FIFTH AVE., NEW YORK 1, N. Y. 


is European Technical Representative: Supeents Products, Ltd., 
4 Brotienham House, Lancaster Place, C. 2, England 
Cables: Chemiconst. my ha 


ee 
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a BCHEMICO PLANTS ARE PROFITABLE INVESTMENTS 
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Sier-Bath Precision Built 


GEAREX ROTARY PUMPS 


maintenance costs 


] he high cost of maintenance crews plus increased compe- 
tition make mechanical breakdowns more costly than 
ever before. 


Sier-Bath employs ‘“‘tool room” manufacturing methods to 
give Gearex Pumps closer tolerances and better fitting parts 
. .. the answer to pump maintenance problems. Exact rotor 
clearance is achieved by accurate timing gears and roller 
bushings. The result: maximum operating efficiency at high 
speeds. Non-contacting rotors cut wear. Vibrationless opera- 
tion does away with costly foundations. Pulseless flow elimi- 
nates wasteful wear on attachments. . . they last longer and 
need less attention. 


Your choice of horizontal or vertical models... of steel or special 
alloys for specific applications. Jacketed bodies are available 
for high temperature jobs. Write for full details today. 
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2 ® Balanced Axial Thrust 
© Roller Bushings for Precision Running under joad 
PUMPS: Oils, Varnishes, Solvents, Molasses, Chemical Solutions. 


CAPACITIES: 1-550 g.p.m. 
DISCHARGE: 250 p.s.i. for medium or high viscogjties. 50 p.s.i. for water. 


AND 
CAPACITIES 


SIER-BATH 


SCREW 
PUMPS 





© Pulseless Flow © Vibrationless Operation 
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‘0Sier-Bath 
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the heat released by contaminant com. 
bustion without rising to a heat damag- 
ing temperature. A minor fraction of hot 
contact material is introduced into this 
zone near the place of introduction of 
the spent material and at a temperature 
substantially above the practicable ingj- 
tion temperature of the contaminant, to 
initiate the combustion reaction. The 
contact material is contacted with com- 
bustion-supporting gas, such as oxygen 
while it is passed through the regenera- 
tion zone. The regenerated contact ma- 
terial is withdrawn. 


U.S.P. 2,416,467. Recovery of Hydrogen 
Chloride from Admixture with Pro. 
pane and Butanes. S. C. Carney to 
Phillips. Petroleum Company. 

A mixture essentially comprising a 
minor amount of anhydrous HCl to- 
gether with propane, isobutane, and 
n-butane, such as can, for example, be 
obtained in the isomerization of an n-bu- 
tane containing mixture by means of 
A1Cl1; and HC1, is passed in liquid form 
to the top of a stripping column which 
is operated in the absence of any addi- 
tional reflux and so as to effect only 
sufficient fractionation to eliminate HCl 
from the bottoms product. The bottoms 
product comprising butanes and free 
from HCl is removed from the column 
while a gaseous overhead product en- 
riched in HCl and comprising propane 
and butanes is removed from the top 
of the column. This gaseous product is 
passed in intimate counter-current con- 
tact with a relatively non-volatile hydro- 
carbon liquid absorbent, whereby the 
propane and all butanes are absorbed 
while the HCl remains unabsorbed. The 
butanes are distilled from the enriched 
absorbent and combined with the above 
mentioned bottoms product. 





























U.S.R, 2,416,491. Catalyst Chamber Ap- 
paratus. L. G. Molique to Phillips 
Petroleum Company. 

A tubular closed contained adapted to 
be coaxially positioned within a catalyst 
chamber includes perforated end walls, 
and a plurality of parallel partitions dis- 
posed lengthwise across the container 
A fluid header is positioned within the 
container and at right angles to the par- 
titions. A branch line is provided in eac! 
compartment formed by the partitions 
and parallel to the latter. These branch 
lines communicate with the header. A 
plurality of ducts extends through the 
wall of each branch line. A conduit 1s 
provided adapted to transmit fluid into 
the header from the exterior of the 
chamber. This fluid passes into the 
branch lines and is discharged there- 
from through the corresponding ducts 
At least one baffle is arranged in each 
compartment in such a manner with re- 
spect to the corresponding branch line 
that fluid discharged through corre- 
sponding ducts impinges there-against 
This apparatus achieves proper distribu- 
tion of fluid into the catalyst chamber 0 
the catalytic conversion of hydrocarbons 
and in the reactivation of the solid cata 
lyst after contamination. 


















U.S.P. 2,416,729 Catalyst Technique. 
H. Arverson to Standard Oil Compan) 
(Indiana). 
Hots spent catalyst from a catalytic 

conversion process is regenerated while 

suspended in regeneration gas. The ho! 
regenerated catalyst is separated from 
the gas and at least a portion of the se? 
arated catalyst is accumulated at the to? 
of a dense column of aerated regenerate‘ 
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We have never repaired an 


PGALOYCO VALVE! 


oms 
free 
umn 


@The pipe shop foreman of a large 
chemical concern tells us: 


“In my job I certainly have had head- 
aches due to our use‘of valves in chemical 
lines. We have one man in our shop who 
does nothing but repair valves. He says 
he is able to call some of them by their 
first names. Their last name, by the way, 
is not Aloyco. 


Our first Aloyco, a 1” Figure No. 111, 
was installed December 19th, 1941, in 
our toughest spot. This valve has been 
out three times for inspection and tests 
and each time was reinstalled without 
any repair. In the last year Aloycos have 
been going in fast. We have never re- 
paired an Aloyco. My valve repairman 
can,*in the future, be used on other 
work, thanks to your good stainless 
steel valves.” 


We hear many comments like this. The ‘i : 
general excellence of Aloyco Valves is easy a 

to understand. It is merely the result of Q 
concentration of our manufacturing ac- 


tivities on valves made of stainless steel 
and related corrosion resisting alloys. We 


make nothing else STAINLESS STEEL 

Our new catalog, containing comprehensive 

information on corrosion resistant Aloyco VALVES AND FITTINGS 
Valves will be sent to anyone who pur- 

chases, specifies or maintains valves and 


fittings handling corrosive solutions. Write 8 yo ae ry 
today on your company letterhead. ALLOY STEEL PRODU 'S' COMPANY. INC 
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M Metal 
THERMOMETERS 


On equipment, on pipe lines, on 
bearings ... wherever temperatures 


are critical, the WESTON Ther-. 


mometer is now widely used because 
of its readability, its all-metal rug- 
gedness, and its proved, long-time 
dependability. Available for general 
requirements, including a Max-Min 





Model which indicates high or low 
temperature reached since last set- 
ting. If your jobber cannot supply 
you, ask your local WESTON rep- 
resentative, or write . . . Weston 
Electrical Instrument Corporation, 
655 Frelinghuysen Avenue, Newark 
5, New Jersey. 


WESTON C2evdhiconcnit 











catalyst. This column is surrounded with 
a heat-exchange fluid to cool the catalyst 
on its downward movement in the col- 
umn, The column is maintained at such 
height and such density that the psuedo- 
hydrostatic pressure at its base exceeds 
the pressure of a regeneration gas 
stream communicating with the base of 
the column and entering the base of the 
regeneration zone. Cooled regenerated 
catalyst from the base of the column is 
dispersed into said stream. The dispersed 
catalyst is carried by this stream back 
to the regeneration zone. The dispersion 
of the catalyst in the stream and its re- 
turn to the regeneration zone is effected 
by utilizing the pseudo-hydrostatic pres- 
sure exerted by said dense column of 
aerated regenerated catalyst. The heat- 
exchange fluid can comprise at least a 
part of the charging stock to the cata- 
lytic conversion’ process. 





CRACKING AND REFORMING 





U.S.P. 2,415,454. Method of Separating 
1,1,3-Trimethylcyclopentane from Di- 
isobutylene. A. C. Whitaker to Gulf 
Research and Development Company. 
A mixture containing 1,1,3-trimethyl- 

cyclopentane and diisobutylene is con- 

tacted with activated clay, such as fuller’s 
earth, at a temperature of 350-450°C. for 

a time sufficient to depolymerize the di- 

isobutylene. The 1,1,3-trimethylcyclopen- 

tane is then separated from the diisobu- 
tylene. 


U.S.P. 2,415,477. Conversion of Hydro- 
carbons. H. O. Folkins and C. M. 
Thacker to The Pure Oil Company. 
Butane is cracked to lower boiling 

hydrocarbons by subjecting it to tem- 

peratures above 375°C. in the presence 
of a small amount of ethyl] sulfide. 


U.S.P. 2,415,530. Isobutane Production. 
C. A. Porter to The Pure Oil Com- 
pany. 

For converting crude petroleum oil 
into high-octane gasoline said crude oil 
is separated into a C, fraction, a gasoil 
fraction and a residuum. The gasoil frac- 
tion together with the C, fraction is 
cracked in the presence of a catalyst 
comprising natural or synthetic alumina- 
silica compositions. The residuum 1s 
thermally cracked. A C, fraction is sep- 
arated from the reaction products of the 
thermal cracking and charged to the 
catalytic cracking step. Another C, frac- 
tion is separated from the reaction pro- 
ducts of this latter step and is separated 
into a fraction rich in saturated hydro- 
carbons and a fraction rich in unsatu- 
rated hydrocarbons. Regulated amounts 
of each fraction are subjected to alkyla- 
tion to alkylate the butenes with 1so- 
butane. A normal butane fraction and an 
isobutane fraction are separated from 
the alkylation reaction products. The 1s0- 
butane fraction is recycled to the alky- 
lation step and the normal butane frac- 
tion to the catalytic cracking step. 


U.S.P. 2,415,537. Catalytic Conversion of 
Hydrocarbon Oil. W. A. Schulze and 
C. J. Helmers to Phillips Petroleum 
Company. 

A vaporized normally liquid hydrocar- 
bon is cracked in the presence of solid 
cracking and dehydrogenation catalyst 
for a contact time of 0.5-3 seconds in an 
anterior portion of the catalyst. The pro- 
ducts are immediately dehydrogenate 
under dehydrogenating conditions for 4 
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EQUIPMENT 


KOVEN carried its industrial ingenuity and years of experience 
into the petro-chemical field and developed for that fast- 
growing industry efficient, reliable equipment that does an 


economical, dependable job. 


We have no patented process to sell—each piece of equipment 
is individually fabricated to handle its specific phase of pro- 
duction. In our two huge plants, trained craftsmen have at 
hand every facility for producing exactly to your requirements. 


Call KOVEN for a consultation. This will in no way obligate you. 


KOVEN equipment includes pressure 
vessels, extractors, mixers, stills, con- 
densers, kettles, tanks, containers, 
stacks, coils. A.S.M.E. and A.P.I. code 
welding. 


L. O. KOVEN & BRO., Inc. 


154 OGDEN AVENUE - JERSEY CITY 7, N..J. 


=... 


| REFINERY and PETRO-CHEMICAL 
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contact time of 0.05-0.5 second in a pos- 
terior portion of the catalyst and in the 
presence of substantially olefinic gases 
of 2 and 3 C atoms added multipointwise 
in this posterior portion of the catalyst. 
An aromatic gasoline, normally gaseous 
olefins, and butadiene are obtained. 
Bauxite can be employed as the cracking 
and dehydrogenation catalyst. 


U.S.P. 2,415,700. Production of High- 
Quality Diesel Fuel. H. H. Meier to 
Standard Oil Development Company. 
A gasoil containing paraffins and low- 

quality maphthenes is subjected in ad- 

mixture with hydrogen to the action of 

a hydroforming catalyst free from com- 

ponents which promote the cyclicization 

of paraffins. The product is subjected to 
solvent extraction for the removal of aro- 


matics. The diesel quality of the gasoil 
is improved by this method. A compound 
of a metal of group VI of the periodic 
system can be employed as the catalyst. 
Aromatics present in the starting oil can 
be removed by a preliminary solvent ex- 
traction before the catalytic treatment. 


U.S.P. 2,415,716. Catalytic Treatment of 
Hydrocarbon Oils. P. L. Veltman to 
The Texas Company. 

In the catalytic cracking or reforming 
of hydrocarbon oil to produce high- 
octane-gasoline hydrocarbons, the oil is 
heated to a temperature of 700-1100°F. 
and then subjected to intimate contact 
with a solid catalyst comprising a com- 
pound containing MgF,, silica, and alum- 
inum fluoride hemi-hydrate for a short 
time such that there is substantial con- 





The old adage, 
“For want of 
a nail the shoe 
was lost’... has many parallels in 
industry. Every plant manager is 
aware of the necessity of having 
spare gauge glasses on hand to 
meet emergencies. « This is a good 
time to check up on your supply... 
but make sure your gauge glasses 
bear the CORNING or PYREX trade 
mark. Made of special glasses, they 
are highly resistant to temperature 
changes and the corrosive action of 
steam and hot water. Their smooth, 





Corning Gauge Glasses for Every Service 


If more than ordinary visibility is desired, 
specify PYREX Red Line Gauge Glasses. 
e For general high pressure duty, PYREX 
High Pressure Gauge Glasses give you long 
service under the most severe operating 
conditions. e Where moderate temperatures 
and initial costs are the determining fac- 
tors, CORNING Standard Gauge Glasses 
are recommended. e MACBETH Flat Gauge 
Glasses are designed for high steam pres- 
sures. Two types are available; p/ain, which 
are used in pairs with the water column en- 
closed between the two glasses, and reflex 
(made with vertical prisms), which are used 
singly with prisms adjacent to water column. 
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hard surfaces lessen the possibility 
of scratching and pitting. They are 
made to machine drawn accuracy 
for easy installation. « All of these 
factors mean long, economical and 
trouble-free performance. Call 
your local mill supply dealer. He 
stocks Corning products for you. . 





























CORNING GLASS WORKS, CORNING, N.Y. 
SALES OFFICES: NEW YORK, CHICAGO, SAN FRANCISCO 


PYREX GAUGE GLASSES 





version of the oil to the desired gaso. 
line hydrocarbons with relatively small 
C formation. 


U.S.P. 2,416,217. Catalytic Conversion of 
Hydrocarbon Oils, E. D. Reeves and 
J. C. Munday to Standard Oil De. 
velopment Company. 

A hydrocarbon fraction is treated in 
the presence of powdered catalyst in a 
first treating zone maintained at cracking 
temperature, while a second hydrocar- 
bon fraction is treated with powdered 
catalyst of the same composition in a 
second treating zone where no substan- 
tial cracking occurs and the temperature 
is materially lower than in the first zone. 
The catalyst is separated from the 
treated fractions and the catalyst from 
both zones is combined while at treat- 
ing temperatures. The resulting mixture 
is passed through a regenerating zone 
where combustible deposits are removed 
from the catalyst mixture. The process, 
which is a continuous one, can, for ex- 
ample, be employed for converting 
higher-boiling hydrocarbons into lower- 
boiling motor-fuel constituents by crack- 
ing the starting oil in the first zone to 
convert at least a portion thereof into 
lower-boiling oil and catalytically treat- 
ing such lower-boiling hydrocarbons in 
the second zone. 


U.S.P. 2,416,479. Hydrocarbon Conver- 
sion Process. C. J. Helmers to Phillips 
Petroleum Company. 

A stream of gasoil is catalytically 
cracked in a first step at a temperature 
of 800-1100°F. The effluents are frac- 
tionated to obtain a first heavy fraction 
boiling at a temperature above 575°F., 
a second intermediate relatively refrac- 
tory fraction boiling at 475-575°F., a 
third less refractory fraction boiling at 
400-475°F., and a fourth fraction within 
the gasoline boiling range. The first 
and third fractions are recycled to the 
first cracking step. The second fraction 
is catalytically cracked in a second step 
under more drastic conditions than em- 
ployed in the first step at a temperature 
of 950-1300°F. The effluents of the sec- 
ond step are fractionated to obtain a 
fraction boiling within the gasoline 
range. Bauxite can be employed as the 
catalyst. 


U.S.P. 2,416,608. Catalytic Conversion of 
Oils. J. M. Brackenbury to Shell De- 
velopment Company. 

Petroleum is separated by distillation 
into a naphtha fraction boiling between 
300-500°F., a heavy reflux condensate, 
and a reduced crude. The reduced crude 
is subjected to a flash distillation under 
reduced pressure to produce a_ heavy 
flashed condensate and a heavy flashed 
residue. The naphtha fraction is passed 
through a catalytic cracking zone in con- 
tact with a fluidized finely divided cata- 
lyst. The heavy flashed condensate is in- 
troduced into the partly cracked naphtha 
in the cracking zone, whereby the heav) 
flashed condensate is simultaneously cat- 
alytically cracked in the presence of 
partly cracked naphtha. The cracked 
products are separated into a gasoline 
fraction and a heavier aromatic conden- 
sate which is combined with the heavy 
flashed residue to produce fuel oil. 


U.S.P. 2,416,660. Conversion of Hydro- 
carbons in Presence of Carbon Tetra- 
chloride and the Halides, Bromine 
and Iodine. H. O. Folkins and C. M. 
Thacker to The,Pure Oil Compary. 
Hydrocarbons are cracked under sutt- 

able conditions of time, temperature an 

pressure in the presence of a smal! 

amount of CCl, and a small. amount 0! 
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TAYLOR FORGE & PIPE WORKS 


General Offices & Works: P.O. Box 485, Chicago 
New York Office: 50 Church Street 


Philadelphia Office: Broad Street Station Bidg. 


Los Angeles Office: Subway Terminal Bidg. 
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WelIdELLS alone combine these 
features: 


© Seamless —greater strength and uniformity. 
@ Tangents—keep weld away from zone of 
highest stress—simplify lining up. 

© Precision quarter-marked ends — simplify 
layout and help insure accuracy. 

© Selective reinforcement—provides uniform 
strength. 

@ Permanent and complete identification mark- 
ings—saves time and eliminates errors in shop 
and field. f 

@ Wall thickness never less than specification 
minimum — assures full strength and long life. 
© Machine tool beveled ends — provides best 
welding surface and accurate bevel and land. 
© The most complete line of Welding Fittings 
and Forged Stee! Flanges in the World — in- 
sures complete service and undivided responsi- 
bility. 
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Br or I. An amount of at least 0.05 
mol. percent of CCl, and an amount of 
at least 0.005 mol. percent of the halogen 
can, for example, be employed. A crack- 
ing temperature of about 375-750°C. can 
be used. 


U.S.P. 2,416,730. ene Hydrocar- 
Conversion System. M. H. Arveson 
to Standard Oil Company (Indiana). 
A- hydrocarbon charging stock of a 
boiling range of about 300-700°F. is con- 
tacted with a powdered cracking catalyst 
in a primary zone. at a temperature of 
750-950°F. The catalyst is passed from 
this zone to a regeneration zone. The 
regenerated catalyst is then passed to a 
cooling zone to lower its temperature to 
about 500-750°F. Products from the 
primary zone are contacted with this 
cooled catalyst in a secondary reaction 
zone. The catalyst removed from this 
secondary zone is heated and introduced 
into the primary reaction zone. The 
products leaving the secondary reaction 
zone are fractionated to obtain a gaso- 
line fraction of low acid heat and low 
olefin content suitable for use in aviation 
engines. 





ISOMERIZATION 





U.S.P. 2,415,628. Production of Branched 
Chain Alkanes. E.W.M. Fawcett to 
Anglo-Iranian Oil Company, Ltd. 

A composite normal alkane feed stock 
mixed with an aluminum halide catalyst 
and a hydrogen halide catalyst activator 
is passed into a reaction chamber 
charged with aluminum halide catalyst 
and heated to a moderate isomerization 
temperature. The desired branched-chain 


alkane product is separated as overhead 
from the reaction mixture by fractiona- 
tion. The unreacted normal alkane with 
the contained aluminum halide is dis- 
charged as bottoms from the fractionat- 
ing column into a closed vessel into 
which the fresh normal alkane feed stock 
is also admitted in a quantity approxi- 
mately equal to that of the branched- 
chain alkane product withdrawn before 
as overhead. The resulting composite 
feed stock is heated in the closed vessel 
to a temperature at least equal to the 
isomerization temperature and is then 
recycled to the reaction chamber. 


U.S.P. 2,415,733. Unitary Isomerization- 
Alkylation System. E. L. d’Ouville to 
Standard Oil Company (Indiana). 


A normal paraffin hydrocarbon with 
4-5 C atoms is contacted with an active 
metal halide isomerization catalyst and 
a substantial amount of hydrogen halide 
activator in a first contacting zone under 
such conditions that substantial amounts 
of the metal halide and hydrogen halide 
are carried away from this zone with 
isomerized hydrocarbons in the effluent 
product stream. This \stream is main- 
tained at a high temperature not sub- 
stantially lower than that maintained in 
the first contacting zone and is conveyed 
to a second zone after most of the hy- 
drogen halide has been removed from 
the stream. The removed hydrogen hal- 
ide is recycled to the first contacting 
zone. An olefin hydrocarbon and a rela- 
tively large stream of recycled hydrocar- 
bons is introduced into the second con- 
tacting zone. The combined streams con- 
taining the olefin and the isomerized 
hydrocarbons are passed through this 


second zone in contact with an active 
metal halide alkylation catalyst under 
alkylation conditions. A catalyst ‘is em. 
ployed for this purpose which requires 
make-up active metal halide in amounts 
at least equal to the amount of active 
metal halide dissolved in the effluent 
product stream mentioned above. The 
alkylation catalyst is thus fortified -j 
the alkylation stage with active m 
halide from the isomerization prod 
stream and activated by the oa 
amount of halogen halide left therein, 
The hydrocarbons discharged from the 
second contacting zone are fractionated 
to obtain an alkylate fraction and at least 
one other fraction consisting chiefly of 
isomerized paraffin hydrocarbons. The 
latter fraction is cooled to a tempera- 
ture sufficiently low to cool the effluent 
product stream to alkylation tempera- 
ture when combined therewith, and js 
returned to the second contacting zone 
as the relatively large stream of recycled 
hydrocarbons mentioned above. 





U.S.P. 2,415,890. Method of Isomerizing 
Paraffin Hydrocarbons. P. C. Keith to 
The M. W. Kellogg Company. 
Paraffin hydrocarbons, such as n-be 

tane, are isomerized by contacting them 

with a silica-alumina catalyst under in 
creased pressure, preferably a pressure 
greater than 2000 psi, at a temperature 
below 800°F. and at a space velocity 
lower than 1 volume of liquid hydro 
carbon per volume of catalyst per hour, 


U.S.P. 2,416,019. Isomerization of 
Normal Butane. R. J. Patterson to 
Phillips Petroleum Company. 

A solid catalyst consisting of AlCl 








The Wiedeke Ideal Tube Expanders 
are used by Boiler Erectors and 
Repairmen for rolling and flaring 
Heavy Wall Tubes in most types of 
Modern Water Tube Boilers, Econo- 
mizers, Superheaters, Water Walls. - 


THE GUSTAV 


Our IDEAL BULLETIN NO. 65 illustrates and explains how 
these Ideal Tube Expanders are used to roll tubes in Drums, 
reaching through Headers, also within Headers, Tables are 


shown to enable correct selection of suitable Ideal Tube 
Expanders for different inside diameters of tubes and dif- 
ferent sheet or wall thickness of Drums. 










SERIES NO. 1500 
IDEAL ROLLER 
TUBE EXPANDERS 


WIEDEKE COMPANY ¢ DAYTON 1, OHIO 
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PERFECTLY EXECUTED 


No matter how intricate the design or how complex the application 
— Midvale can make corrosion and heat resisting castings according 
to plan. Your specifications are followed to the letter or you may 
have our recommendations. In either event ... Midvale induction 
furnaces and Midvale Foundry Know-How are equal to the most 
unusual jobs. And if required—for added assurance Midvale X-Ray 


equipment is available for thorough inspection. 


THE MIDVALE COMPANY ¢ NICETOWN ¢ PHILADELPHIA 


OFFICES: NEW YORK © CHICAGO © PITTSBURGH 
WASHINGTON ° CLEVELAND ° SAN FRANCISCO 
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Oh. three years ago a large oil refinery installed 39 non- 
equalizing expansion joints in its reactor piping. Within 


six months these joints failed . . . unable to withstand the ter- 
rific punishment of 1125° F vapor temperatures. These were 
replaced by Zallea Expansion Joints. Today, over 22 years 
later, these Zallea Expansion Joints, one of which is shown 
in the above unretouched photo, are giving trouble-free 
performance. 


Actually, both joints /ook alike . . . same alloy steel, same phys- 
ical appearance. But that’s where similarity ends. The differ- 
ence lies in the heat-treatment and control exercised in the 
manufacturing process of Zallea Expansion Joints. It’s that 
control that makes every Zallea Expansion Joint the ideal joint 
for absorbing contraction and expansion of pipe lines due to 
temperature changes. Be sure of trouble-free operation . . . 
specify ZALLEA. 


Zallea Corrugated Expansion Joints are made in non-equalizing, 
self-equalizing and duo-equalizing types, depending upon the con- 
ditions under which they must operate... 
and other corrosion-resistant alloys... diameters from 4" to 72" 

. traverses up to 7%"... for pressures from vacuum to 300 psi 

. for temperatures from sub-zero to 1600° F. Let us quote on your 
requirements, Zallea Brothers & Johnson, 890 Locust Street, 
Wilmington 99, Del. 





ANSION JOINTS 


of copper, stainless steels - 













ous stream of a butane. The suspensig 
is moved through an isomerization zor 
under suitable conditions. The susp 
sion then is removed from this zone a 
passed into a separating zone whe 


the catalyst particles are separated from 
the vaporous effluent of isomer and un. 





changed butane together with volatilize 
A1Cl;. A portion of the separated catai 
lyst is recycled to the suspending step 
another portion thereof is treated to 


cover its carrier content free. of AlCl, 


Finely divided adsorptive mineral 
rier including this recovered carrier ar 
recycled carrier from a scrubbing step 
is suspended in a stream of said vapor 
ous effluent and this suspension is move 
through the scrubbing zone to effect ads 
sorption of substantially all of the vola 








deposited on a finely divided _adsorptive 
mineral carrier is: suspended in a vapor- 









































tilized AlCl; from said effluent. The” 
suspension removed from the scrubbing 





zone then is passed to a second separat- 
ing zone where carrier particles are 
completely separated from the vaporous 
A1Cl;-free effluent isomer, butane and 
HCl. A portion of the separated carrier 
is recycled to the last named suspending 
step. The balance of the separated car- 
rier is fortified with sufficient additional 
AI1C1; to bring the content thereof up 
to that employed in the isomerization 
zone. 


U.S.P. 2,416,965. Isomerization of Tet- 
ralin. C. L. Thomas and H. S. Bloch 
to Universal Oil Products Company. 
Methylindane is produced from tetra- 

lin by subjecting the latter at a tem- 
perature of 300-600°C., a pressure below 
about 100 psi, and a liquid hourly space 
velocity in excess of 0.25 to the action 
of an association of at least two of the 
following catalyst compounds: silica, 
alumina, zirconia, magnesia, thoria, and 
boria. 


U.S.P. 2,416,966. Isomerization of Deca- 





lin. C. L. Thomas and H. S. Bloch to 
Universal Oil Products Company. 
Isodecalin is produced by subjecting 
decahydronaphthalene to the process de- 
scribed in U.S. P. 2,416,965. 
ALKYLATION 





U.S.P. 2,415,453. Synthesis of Bicyclo- 
Olefinic Compounds. C. L. Thomas to 
Universal Oil Products Company. 
Bicycloalkene halide is produced by 

heating dicyclopentadiene and an alkene 

halide to a temperature of 100-400°C. 


U.S.P. 2,415,717. Alkylation of Isoparaf- 
fins by Mixtures of Ethylene and Pro- 
pylene. C. H. Watkins and R. NX. 
Meinert to Standard Oil Development 
Company. 


A mixed olefin feed containing ethy- 
lene and propylene is contacted with is” 
butane and A1Cl1;-hydrocarbon complex 
containing about 38-45 percent hydro- 
carbons in a first reaction stage at tem 
peratures of 50- 90°F., whereby the ise 
butane is alkylated w vith the propylene: 
The propylene alkylate formed is with- 
drawn. Unreacted ethylene withdrawal 
from the first stage is contacted m4@ 
second stage with isobutane and # 
same kind. of catalyst complex contami 
ing, however, about 35-40 percent pas 
carbons at temperatures. of 90- 150° 
whereby the isoparaffin is alkylated 
the ethylene. The catalyst rated ae 
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The fact that UNIBOLT Streamlined Return 
Bends may be depended upon to provide a 
dependable seal of light gases under elevated 
temperatures has been proven on a number of 
installations where furnace outlet temperatures 
range up to 1600 degrees F. This positive seal 
is accomplished by tightening a single bolt . 

No rolled-in tubes, no seal welding, no tapered 


9-degree tapered shelves made 
integral with return bend body, 
interlock with identical shelves 
in holding member. Tightening 
single bolt draws tapered shelves 
into self-locking position and 
— tremendous pressure on 


Boss, threaded to re- 
ceive handling bar, 
facilitates installa- 
tion and removal of 
return bends. 


plug closures, =o lapping to make a seal, no 
need for steam in the header boxes. They permit 
faster “heading up,” replacement of a single 
tube and returning any return bend body to any 
two tubes. Completely interchangeable parts 
assure low-cost maintenance. 

For complete details, write for Bulletin No. 
R-42. 





NEW TYPE TUBE ALIGNING - ANCHOR CLAMP 


The UNIBOLT Tube Aligning-Anchor Clamp 
serves two purposes: It provides a rigid support 
for the furnace tubes when the return bend body 
is removed for tube inspection. Heretofore, the 
tubes might move out of position when the bend 


THORNHILL-CRAVER 


was removed. The clamp also serves as an 
anchor for the holding member, thus eliminating 
the split ring which was formerly provided for 
this purpose. The clamp remains in position 
until it is desired to replace the tubes. 


COMPANY 









HOUSTON esr TEXAS 
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LARGE tursine PERFORMANCE 





An outstanding advantage of Murray Turbines 
is that they give the small plant many of the 
desirable operating economies enjoyed by larger 
plants. 


The illustration above shows a typical job of 
this kind—a 175 KW Murray Extraction Turbine 
installed in a midwestern packing plant. 


This modern unit operates with steam at 235 Ib. 
pressure—500 deg. F. total temperature; and 
exhausts at 27 in. vacuum. Steam is extracted 
automatically at 60 Ib. pressure. 


Let our engineers cooperate in 
smoothing out your power problems. 


Bs 


ON WORKS COMPANY 


: BURLINGTON, IOWA 


Builders of Steam Power Equipment 
For Three Quarters of a Century 
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from the second stage can be employed 
in the first stage. 


U.S.P. 2,416,000. HF Alkylation of Hy- 
drocarbons in the Presence of Tem. 
perite Agents. F. E. Frey to Phillips 

etroleum Company. 

A relatively low-boiling alkylatable 
hydrocarbon, such as isobutane, is alky- 
lated with a low-boiling olefin in the 
presence of concentrated HF admixed 
with about 0.1-10 percent by weight of 
a polar nitrogen compound having a 
basic reaction, such as ammonia, quino- 
line, an acid amide, or other amido, 
amino, imino, or imino compounds, hex- 
amethylentetramine, or the like. By such 
additions the activity of the-HF catalyst 
is tempered and deleterious side reac- 
tions are inhibited. 


U.S.P. 2,416,013. Process for the Alky- 
lation of Hydrocarbons. M. P. 
Matuszak to Phillips Petroleum Com. 
pany. 

A low-boiling isoparaffin, such as iso- 
butane, is alkylated with a mixture of 
butenes comprising equal proportions of 
butene-1 and butene-2 in the presence of 
a concentrated HF catalyst containing 
4.5-6.5 mol-percent of a basic nitrogen 
compound, such as ammonia. Paraffin 
hydrocarbons of high octane number are 
recovered from the effluent. If desired, 
the butene-l1 and butene-2 first can be 
separated from the mixture containing 
them and then be separately alkylated 
with the isoparaffin. Other low-boiling 
normal olefins also can be employed in 
place of the butenes. 


U.S.P. 2,416,022. Alkylation Process. 
W. -A. Schulze and J. P. Lyon to 
Phillips Petroleum Company. 
Benzene is alkylated with a low-boil- 

ing aliphatic olefin, such as ethylene, in 
the presence of a solid synthetic silica- 
alumina catalyst under conditions to ob- 
tain a product which contains a major 
proportion of monoalkyl benzene to- 
gether with poly-alkyl benzenes. The 
monoalkyl benzene is separated from 
the poly-alkyl benzenes by fractionation. 
The poly-alkyl benzenes are cracked in 
the presence of a solid synthetic silica- 
alumina catalyst which has become sub- 
stantially spent as an alkylation catalyst 
in the foregoing alkylation step. The 
poly-alkyl benzenes are converted to 
mono-alkyl benzene and low-boiling ole- 
fins. 


U.S.P. 2,416,395. Alkylation Process. 
C. S. Kuhn, to Socony-Vacuum Oil 
Company. 

Propylene is alkylated with isobutane 
in the absence of other unsaturated hy- 
drocarbons in the presence of HF at a 
temperature of —10 to +40° C. The resi- 
dence time of the hydrocarbons in the 
reaction zone is correlated with the tem- 
perature to give a factor of alkylation 
in accordance with the formula: 

6500 

A F 

where 7 =temperature in degrees Kel- 

vin, ¢ = residence time in minutes, A = the 

alkylation factor and represents a value 

between 20.8 and 22.1. An alkylate hy- 

drocarbon fuel of high octane rating 

and consisting predominantly of 2,+ 
dimethyl pentane is obtained. 


U.S.P. 2,416,990. Production of Styrene 
M. H. Gorin and E. Gorin to Soconf 
Vacuum Oil Company. 

A mixture of benzene and propylene 
is alkylated to form isopropyl benzene. 

The effluent product is fractionated to 
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Fluid Flow! 


Built into each valve is a powerful lever-and-screw device that 
prevents sticking and assures positive action at all times and under 
ill conditions. Corrosive or viscous fluids, extremes of temperature 
or pressure or other adverse operating conditions that cause ordinary 
valves to fail cannot affect Homestead Lever-Seald Valves. 


Operation is simple and easy. Seating pressure is first relieved with 
the lower lever just enough to overcome friction. Then a quarter- 
turn of the upper lever fully opens or closes the valve. Full seating 
Pressure is again applied with the lower lever to make a positive, 
leakless seal. They operate faster, too ... 16 to.28 times faster than 
screw-stem-type valves. The quarter-turn principle makes them 
ideal for installation in restricted areas, next to walls, floors, ceilings, 
tongested piping and other obstructions where many other types of 
valves could not be operated. 
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“HOMESTEAD 


LEVER-SEALO 


VALVES 


mn HOMESTEAD 2£VéR-SEAL0 VALVES 


HOMESTEAD VALVE MANUFACTURING CO. 


What do you want in a Valve? 


Homestead Lever-Seald Valves are available. in. com- 
binations of metals and alloys to meet your service 
requirements. Sizes range from 1%" to-10"!for pres- 
sures from vacuum to 1500 pounds, 

For complete details write for Valve Reference Book 
No. 38 ... today. 


P. 0. BOX 16 , CORAOPOLIS, PENNA. 
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TIGHT VALVES 


. SPEED PRODUCTION 





..- LOWER COSTS 





LUNKENHEIMER VALVES 
STAY TIGHT WITH LESS CARE 


No business can afford wasteful, costly, production-lowering valve 
leakage. That's why it’s always good business to maintain a regular 
check on valves, to make sure they are tight and in proper working 


order. . 


. . Maintenance men the nation over prefer Lunkenheimer 


Valves. They know from experience that these quality-built valves 
serve longer and better on the job —are easier to keep tight with 
a minimum of time, labor, and expense. 


BRONZE RON, STEE AN RROS N RESISTANT ALL 


ER 





ESTABLISHED 1862 


THE LUNKENHEIMER 





M 


—= "QUALITY = 


CINCINNATI 14, OHIO. U.S.A. 








See Your Lunkenheimer Distrib- 
utor for Better Valve Service 


| Lunkenheimer Distributors are 
} located in principal industrial 
centers, There is one near you, 
fully equipped and ready at all 
times to assist with your valve 
maintenance, repair and opera- 
tion (MRO) problems. Call on 
him! Ask for Lunkenheimer 
chart showing costs of air, 
steam and water valve leakage. 


IY VALVES, 125 TO 2500 LB. S. P 


AIRCRAFT FITTIN 














BRICATING DEVICE 























separate the isopropyl benzene from the 
unchanged hydrocarbons. The latter are 
returned to the alkylation zone. A mix- 
ture of isopropyl benzene with an inert 
diluent gas, such as superheated steam, 
and with alpha-methyl styrene is sub- 
jected to pyrolysis in a ceramic-lined 
reactor to form styrene. The effluent 
product is fractionated to separate pro- 
pylene, benzene, styrene, isopropyl ben- 
zene and alpha-methy! styrene. The pro- 
pylene and benzene obtained are re- 
turned to the alkylation zone. The sep- 
arated isopropyl benzene and the alpha- ¥ 
methyl styrene are returned to the mix- 

ing step. The proportions of isopropyl 

benzene and alpha-methyl styrene ad- 

mitted to the mixing step are controlled 

so that the mol ratio of alpha-methy! 

styrene to isopropyl benzene in said mix- 






Ke 











ture is between .60-.65. The styrene V 
formed is recovered. Side reactions ant 
which otherwise occur in the pyrolysis [J chemi 
of isopropyl benzene to form styrene, catal v: 
particularly the formation of alpha- : 
methyl styrene, are suppressed. These 
end pr 
POLYMERIZATION AND contan 
CONVERSION rates O 
. ane 
U.S.P. 2,415,438. Polymerization of Iso- That’ 
butylene. J. B. McKinley and D. R ats 
Stevens to Gulf Research and De- @ Activat 
velopment Company. . 
. ; impro 
1, 1, 3-trimethylcyclopentane is ob- : ee 
tained by subjecting isobutylene to a pms 
temperature of 400-600°C. at a pressure J peratur 
of 300-5000 psi for a time sufficient to aceessil 
effect substantial cyclic polymerization 2 
of the isobutylene, e.g. for a period of H*tve, 
from 3 minutes to 4 hours. porosit’ 
sizes 
U.S.P. 2,415,951. Catalyst Bed Tempera- ee 
ture Control. C. G. Kirkbride and J May w 
B. Hamblen to Pan American Refin- sly ' 
ing Corporation. cataly t 
In a catalytic polymerization system J to ALU) 
employing phosphoric acid on an inert 9 Gulf By 


carrier in a plurality of catalyst towers, 
the material to be polymerized passes 
from towers containing material of least 
catalytic activity to towers containing 
material of increasing activity. In order 
to regulate the temperature and pressure 
in this system a Cs;-C, hydrocarbon gas 
is introduced into a partially spent cata- 
lyst zone at a temperature of about 400° 
F. and a pressure of about 300 psi and 
passed through this zone at sufficient 
speed to give a contact time of 1-3 
minutes. The temperature increases to 
450-500° F. due to exothermic poly- 
merization. The products and gases are 
withdrawn from the base of this zone 
and a sufficient amount of liquefied 
Cs-C, hydrocarbons is admixed with the 
said products to bring the temperature 
back to about 400° F. and to obtain 4 
lower olefin concentration than that ol 
the gases charged to the first tower. In 
the second catalyst tower the gases are 
contacted for 1-3 minutes, raising the 
temperature to about 440-460° F. The 
products removed from the base of this 
second tower are mixed with liquefied 
Cs-C, hydrocarbons in an amount stl 
ficient to reduce the temperature agai? 
to about 400° F. and to give an oleh 
concentration lower than that of the 4% 
charged to the second tower. The mie 
ture obtained is contacted in the t 

tower again for 1-3 minutes. The P 

ucts of conversion from the third towé 
are separated into a plurality of fractioms 
including a gasoline fraction, a Cs frat 
tion, and a CG fraction. A part of this 


= 
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Keep Molecules on the March 


with ALCOA aut 


Want better yields from your chemical processing? Then keep your 
chemical reactions going with ALCOA ALuMINaA catalysts and 


catalyst supports. 


These uniform Aluminas of controlled purity, help produce better 
ed products at lower costs, because they reduce the possibility of 
contamination and side reactions . . . permit close control over 
rates of reaction . . . reduce difficulties arising from carbon deposits 
.., and often lower operating temperatures. 


That’s why it will pay you to investigate ALCOA Atuminas— 
fetivated, Tabular and Calcined—if you are wondering how to 
improve your catalytic processes. You will find that they offer 
wurprisingly attractive properties:—Stability at operating tem- 
peratures, high resistance to erosion and crushing, good surface 
accessibility and sorptive properties . . . They are catalytically 
active, chemically inert, non-toxic . . . Some have extremely high 
porosity, and they are available in several different particle 
sizes and forms. 


May we send you further information on ALCOA Atuminas for 
catalytic processes? Call your nearest Alcoa sales office, or write 
to ALUMINUM CoMPANY OF AMERICA, CHEMICALS Division, 1963 
Gulf Building, Pittsburgh 19, Pennsylvania. 


iY Recey-Waaiave: 


ALUMINAS 4N° FLUORIDES 


FORMERLY SOLD UNDER THE TRADE NAME “ALORCO” 
Nay, 1947—A Gulf Publishing Company Publication 































































“For a fire in here, the extinguishing 
i agent must be non-damagings” 








If a blaze breaks out in your correspondence files—or 
blueprint storage room—pwtting out the fire can cause 
more damage than the fire itself. But not if your extin- 
guishing system has been recommended by a Kidde 
representative! 

In a Kidde System for record vault protection, clean, 
safe carbon dioxide fills the threatened space, to kill flames 
fast... keeping fire damageto a minimum. And that’s the 
only damage there is! There’s no water-soaking of valu- 
able papers—no chemical attack on them. 

Fast, sure, non-damaging ... Kidde equipment offers 
these same advantages against the tough fires that break 
out in flammable liquids and electrical equipment. While 
you're talking to the Kidde representative about record 
vault protection, ask his advice about safeguarding these 

, other hazards too. 


Walter Kidde & Company, Inc., 548 Main Street, Belleville 9, N. J. 


The word “‘Kidde"’ and the Kidde seal are 
trade-marks of Walter Kidde & Company, inc. 





Kidde 


FIRE PROTECTION 
HEADQUARTERS 

























C, fraction is recycled to at least one of 
the towers. 


U.S.P. 2,415,973. Catalytic Conversion 
System. J. E. Swearingen to Standard 
Oil Company (Indiana). 

In a conversion process wherein a hy. 
drocarban is contacted with’an Al 
catalyst in the presence of added HC) 
and an AICl;-hydrocarbon complex rich 
in HCl is formed during the conversion, 
said complex is withdrawn from the con. 
tacting zone and introduced into a com. 
plex stripping zone. An effluent product 
stream also is withdrawn from the cop- 
tacting zone and introduced into a prod- 
uct stripping zone. Hydrocarbons are 
withdrawn from the base of this zone 
and heated to obtain at least partial 
vaporization. The major portion of the 
heated hydrocarbons is returned to the 
base of the product stripping zone while 
a small portion of the heated hydrocar. 
bons is introduced in vapor form at a 
low point in the complex stripping zone 
for stripping the complex. The vapors 
from this zone are combined with the 
effluent product stream. © 





U.S.P. 2,416,003. Hydrocarbon Conver. 
sion Process With Special Arrange. 
ment of Catalyst. J. A. Guyer to 
Phillips Petroleum Company. 
Hydrocarbons are converted by con- 


| tact with a bed of supported catalyst. 


The catalyst deactivated by deposition 
of carbonaceous material is reactivated 
by combustion of this material by means 
of an oxygen-containing gas and this 
combustion proceeds in the form of a 
burning zone moving from one end of 
the bed to the other in the direction of 
the supporting member. In order to pre- 
vent contact of this burning zone with 
the supporting member a layer of a 
water-gas catalyst is interposed between 
the conversion catalyst and the sup- 


| porting member, whereby endothermic 


reaction of carbon takes place thereon 
and progress of the burning zone ceases 


| when it reached said layer. The process 
| is, for example, used 


in the catalytic 
cracking of hydrocarbons. Magnesite can 
be used as the water-gas catalyst and 
bauxite as the conversion catalyst. 


U.S.P. 2,416,106. Polymerization of Ole- 


finic Hydrocarbons in the Presence of 

Boron Fluoride and an Acid Fluoride 

of a Metal. C. B. Linn and V. N. Ipa- 

tieff to Universal Oil Products Com- 
pany. 

Olefinic hydrocarbons, such as ethyl- 
ene or. normally liquid olefins, are fe 
acted at polymerizing conditions in the 
presence of BF; and an acid fluoride o! 
a metal, such as a hydrofluoride of a 
alkali metal, e.g. potassium bifluoride 
Temperatures of from —50° to 300 C. 
can be used in the reaction. 


U.S.P. 2,416,184. Conversion of Hydro- 
carbons. R. J. Lee and H. D. Radford 
to Pan American Refining Corpor 
tion. 

Methyl aromatic hydrocarbons, such 
as methyl benzenes (e.g. xylene), 2 
contacted with at least about 100 per 
cent by weight of a catalyst comprising 
principally HF at a temperature sulr 
cient to effect transfer of methyl groups 
to form higher- and lower-boiling homo- 
logs of the starting material. A temper 
ture of 150-400° F. and a pressure sul- 
ficient to maintain the liquid phase 
can, for example, be used!’ An aviation 
gasoline is, for example, produced y 
first catalytically hydroforming para! 
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FOUNDATIONS 


STRUCTURAL STEEL 


ERECTION OF HEAVY VESSELS 


PIPING 


BRICK WORK 


EQUIPMENT SETTING 
ELECTRICAL INSTALLATION 
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finic hydrocarbons, fractionating the hy. 
droformate to produce a fraction com- 
prising principally benzene and a frac. 
tion comprising principally xylenes and 
treating these fractions in the above jn. 
dicated manner. 


U.S.P. 2,416,461. Catalysts for the Poly. 
merization of Butadiene-1, 3 Hydro. 
carbons. W. D. Stewart to The B. F. 
Goodrich Company. P 
An emulsion containing water and a 

lesser amount of polymerizable material 

comprising butadiene-1, 3, e.g. a mono- 

meric mixture of the latter and another De} 

unsaturated compound copolymerizable 

therewith, is mixed with about 0.00001- 





Certified capacity—by actual test at The National 
Board of Boiler and Pressure Vessel Inspectors 
Laboratories ... your warranty that this valve has 
the specified relieving capacity... your assurance 
of complete protection for the equipment served. 






















Certified construction ... your assurance of struc- 0.5 percent by weight based on the total 
tural soundness and design for specified pressure. sor pe pe pyeeet ey paddy 3 fn 
s : : > periodic table. This salt shall be capable 
ol Pee gat Amy disc guide assures full of dissolving in vo at least to the 
. extent of 0.1 g in c.c. of water at 
Combination of nozzle and inverted cone or sec- De ee eae re 
: 7 . in the emulsion and the polymerization 
ondary nozzle makes maximum use of the kinetic is increased by the presence of the salt. 
energy of the discharge to effect high lift and full A mixture of butadiene-1, 3 and acry- 
capacity. : lonitrile is, for example, polymerized in 
an aqueous emulsion in the presence of 
Floating disc, cpesnting through an Alignment 0.01 part of mercuric chloride. 
pool, ensures perfect seating of 
the disc on its nozzle which 
effectively prevents any leakage HYDROGENATION 
ox seepage. DEHYDROGENATION 
AROMATIZATION 










U.S.P. 2,415,998. Combination Process 
for the Cracking and Destructive Hy- atin 
drogenation of Hydrocarbons. A. L. 
















Foster to Phillips Petroleum Com- 
pany. \ 
A virgin gasoil and a residuum con- f 
sisting of higher-boiling hydrocarbons 
are separated from a crude petroleum. I 
The residuum is flashed in admixture ‘ 
with a light gas comprising hydrocar- 1 
| bons of more than one C atom at an ele- 
| vated temperature. A gas phase com- 1 
| prising said light gas and_ volatile 
constituents of the residuum and a 
| liquid phase comprising heavier constitu- 
| ents thereof are thus produced. The 
Cast Steel, Full Nozzle | separated gas phase is maintained under 
Safety-Relief Valve for elevated temperature and pressure in a 
_— PETRO-CHEM service; A hea ghnee a — noms Rt - 2 
, ” ” ” ” sufficient period to effect substantia 
Sines: 14 = 2" to 6’ x8 cs to gt motor-fuel hydrocarbons 


Pressure: to 1500 Ib. at 900 deg. F. | which are separated as a product of the 
process. A fraction of heavier hydro- 
If you are piping corrosiveliquids, | carbons so produced and substantially 
vapors or gas, you will find it ad- | free from constituents boiling in the 3 
vantageous to investigate the | range of said residuum is separated and 
possibilities of this valve. Further | passed in admixture with said virgin 
detailed data is available to you | gasoil and a hydrogenated material 0! 
on request, without obligation. similar boiling range in contact with a 
cracking catalyst at moa ok 
ARRI in a second conversion step. Ihe motor- 
. S ENGINEERING CORP. fuel hydrocarbons thus produced are 
410 Commercial Ave. separated as a product of the process. 
Palisades Park, N. J. The liquid phase produced by the flash- 
ing of said residuum is subjected to 
gether with light gas to destructive hy- 
drogenation in a third conversion step 
in admixture with hydrogen in the pres- 
ence of a hydrogenation catalyst @ 
elevated temperatures and _ pressures. 
Motor-fuel hydrocarbons are separate 
as a third product of the process from 
the conversion product containing hy- 
drocarbons boiling lower than said “4 
siduum. Hydrogenated hydrocarbons 0 
tained which are boiling higher than the 
motor fuél hydrocarbons but lower tha B OFric, 


SAFETY and RELIEF VALVES 








oe Petroleum Refiner—V ol. 26, No. 5 May, 194 


m 
4 





More than 200 


PACIFIC JB BOILER — Are Proving Their 


Dependability Every Day in High Pressure—High Temperature—Boiler Feed Seryete 


—_— 
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Pacific JB Pumps differ from the con- 
ventional horizontal split case boiler 


feed pumps for high pressure, high tem- 


perature service because of the follow- 


ing features of their design: 


1 


The circular form of all members at the 
point of maximum differential pressure 
provides a positive seal against leakage 
and prevents cutting between high and 
low pressure areas. 


The face-to-face seal between the inter- 
stage members prevents leakage and cut- 
ting between stage members and the in- 
side edges of the case flanges.’ 


Pacific Floating Seal, outside the impeller 
area, provides automatic balance for lateral 
thrust and pressure breakdown. It auto- 
matically allows sufficient external circu- 
lation to prevent “flashing” and “vapor 
binding” at reduced capacities and 
“shutoff.” 


Write for Bulletin 82 for complete 
information on ye 
TYPE JB BOILER FEED PUMPS 


PACIFIC PUMPS, INC. 
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said residuum are cracked as specified 
before. 


U.S.P. 2,416,023. Catalytic Conversion of 
Hydrocarbon Oil. W. A. Schultze 
and C. J. Helmers to Phillips Petro- 
leum Company. 

A normally liquid hydrocarbon distil- 
late is vaporized and heated to 1100- 
1300° F. The vapors are passed in con- 
tact with a solid adsorbent cracking 
and dehydrogenation catalyst, such as 
bauxite, for a contact time of 0.5-3 sec- 
onds, Sufficient steam preheated to 1100- 
1400° F. is injected at a plurality of 
points spaced along the length of the 
catalyst bed in the direction of vapor 
flow after the initial contact period to 
allow the distillate a further contact 
time of 0.05-0.5 seconds with the catalyst. 
Butadiene, normally gaseous olefins, 





and an aromatic fraction are senarated 
from the effluent. 


U.S.P. 2,416,227. Production of Diole- 
fins. W. D..Seyfried to Standard Oil 
Development Company. 

An olefin containing hydrocarbon feed 
stock is maintained in a dehydrogenation 
zone under conditions to cause the for- 
mation of diolefin and acetylene. The 
product is passed through a quenching 
zone and then is cooled further to con- 
dense at least a portion of the hydro- 
carbons which are separated from the 
uncondensed hydrocarbons. The latter 
are passed into an absorption zone. In 
the quenching zone the dehydrogenated 
product is contacted with a heavy min- 
eral oil stripped at elevated temperature 
to remove dissolved oxygen therefrom. 
The uncondensed hydrocarbons are con- 
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tacted in the absorption zone with the 
same oxygen-free mineral oil. 


U.S.P. 2,416,894. Combined Hydrogena. 
tion and Dehydrogenation of H 
carbons. J. M. Barron to The 
Company. 

Gasoline, rich in aromatic hydrocar. 
bons and saturated aliphatic hydrocar. 
bons, is continuously prepared from 
straight-run and cracked naphtha hydro. 
carbons by contacting these naphtha 
hydrocarbons in a reaction zone cop- 
taining a solid hydrogenation-dehydro. 
genation catalyst at a temperature of 
800-875° F. to effect dehyrogenation of 
naphthenic constituents of the straight. 
run naphtha and hydrogenation of ole. 
finic constituents of the cracked naphtha 
without substantial hydrocarbon crack. 
ing. The hydrocarbons are caused to 
flow through the reaction zone in the 
presence of free hydrogen under a pre- 
. determined partial pressure. This flow is 
continued until catalyst activity declines 
as expressed by the bromine number of 
the effluent stream exceeding a certain 
predetermined low value.. The partial 
pressure of ‘the free hydrogen within 
the reaction zone then is increased sub- 
stantially while continuing the flow of 
hydrocarbons through this zone and is 
maintained for a brief time sufficient to 
restore catalyst activity and reduce the 
bromine number of the effluent stream. 
Thereafter the hydrogen partial pres- 
sure again is reduced to about its orig- 
inal value. 
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U.S.P. 2,416,465. Treatment of Hydro- 
carbons With Boron Fluoride Hy- 
drate. W. N: Axe to Phillips Petro- 
leum Company. 


A hydrocarbon distillate is intimately 
contacted with at least 1 percent by 
volume of a boron-fluoride hydrate sub- 
stantially composed of 1 mol H:0O per 
mol BF; for a period and at a tempera- 
ture sufficient to effect the removal of 
undesirable sulfur compounds, such as 
thiophene and its homologs, alkyl and 
aryl sulfides, and mercaptans. The hy- 
drate containing the sulfur compounds 
is separated from the hydrocarbon dis- 
stillate. Unsaturated hydrocarbons con- 
tained in the distillate to be treated are 
removed with the sulfur compounds. A 
temperature of 70-135° F. and a contact 
time of 10-20 minutes can, for example, 
be used. 
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HEAVY OILS AND WAXES 








U.S.P. 2,415,699. Pour Depressor. Egg* MECHAI 
Lieber to Standard Oil Developmet'Eiindreds of 
Company. 

A small but pour-depressing amouf 
of a high-molecular-weight polymeng 
Friedel-Crafts condensation product @ 
a fatty nitrile with a fatty acid ha 
is added to a waxy mineral lubricating 
oil. An extreme pressure lubricamf 
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U.S.P. 2,415,833. Lubricant. L. A. 
keska and\A. R. Kittleson to Stamgar 
Oil Development Company. - 
A hydrocarbon oil. has incorpomt 

therein a ‘stabilizing small proportion 

an aromatic methylene thioether & 
taining at least one hydroxyl or suum 
dryl radical or metal salt thereof, 
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a baritim salt linked to an aromatic 


nucleus. 


U.S.P. 2,415,836. Composition of Matter 
Suitable for Use As a Lubricant and 
Lubricant Comprising the Same. J. 
M. Musselman to The Standard Oil 
Company (Vhio). 

A phosphorus sulfide, such as phos- 
phorus pentasulfide, is reacted with an 
oxygen-containing wax at a temperature 
of at least 275° F. to prevent thiophos- 
phate formation and to remove the 
major portion of oxygen in the wax. The 
phosphorus and oxygen-containing 
sludge is removed from the reaction 
product. The latter is reacted with an 
alkali or alkaline earth compound, such 
as lime. The metal compound of the re- 
action product thus formed can be used 
as a lubricant or can be employed as an 








inhibitor in lubricating oils and greases. 


U.S.P. 2,415,837. Lubricant or the Like. 

J. M. Musselman and H. P. Lankelma 
to The Standard Oil Company (Ohio). 
The reaction product of a phosphorus 
sulfide with an oxidized petroleum prod- 
uct, such as a higher fatty acid, an ester 
boiling above 300° F., or an ester wax 
(see U.S.P. 2,415,836), is reacted with 
sulfur at an elevated temperature, e.g. 
at 300° F. The product is used as a 


lubricant, e.g. as a gear lubricant, or it 
is imcorporated in oil of lubricating 
viscosity. 


U.S.P. 2,415,838. Lubricating Composi- 
tion Preparation. J. M. Musselman 
and H. P. Lankelma to The. Standard 
Oil Company (Ohio). 

A product of the type obtained ac- 
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Plug Valve with those of a Gate Valve, 
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mechanism that lifts, turns, and 
re-seats the Plug in one opera- 
tion. The advantages of the 
“Wedgeplug Principle” 
been clearly revealed through 
actual use under widely-varying 
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cording to U.S.P. 2,415,836, viz. a metal 
compound of the reaction product of 
phosphorus sulfide with an aliphatic 
alicyclic, or aromatic oxygen-containij 
compound having a boiling point of at 
least 300° F. is reacted with sulfur a5 
indicated in U.S.P. 2,415,837. The prod. 
uct obtained serves the same purpose as 
the products according to the two pre. 
ceding patents. 









U.S.P. 2,416,192. Petrolatum Sulfonate 
R: W. Mertes to Union Oil Company 
of California. 

A major proportion of a lubricating 
oil is combined with a minor proportion 
of sulfonate concentrate prepared by 
contacting a hydrocarbon stock con- 
taining at least about 10 percent of 
petrolatum, such as a foots oil petro- 
latum, with a sulfonating agent, such as 
concentrated H:SO,., neutralizing the 
product with an alkaline agent, eg 
lime, and separating the aqueous phase 
and the solid oil reaction products from 
the resulting sulfonate concentrate. The 
service characteristics of the lubricant 
are improved by the added sulfonate. 
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U.S.P. 2,416,281. Mineral Oil Composi- 
tion. H. G. Berger and E. W. Fuller 
to Socony-Vacuum Oil Company. 
A viscous mineral oil fraction is mixed 

with 0.5-10 percent of an _ oil-soluble 

metal salt of a wax substituted benzene 
sulfonic acid or another metal sulfonate 
and with 0.1-3 percent of an oil-soluble 
phosphorus- and sulfur-containing re 
action product obtained by reaction 
product obtained by reaction above 10F 

C. of a phosphorus sulfide and a dicyel 

terpene or an essential oil predominenth} 

containing such terpene. A very stad 

oil with outstanding detergent and c@ 

rosion characteristics is obtained. 


Re. 22,849. Stabilized Lubricants. N. 
Williams and W. J. Backoff to 
Pure Oil Company. 

To prepare a lubricant additive, a nom 
drying animal or vegetable oil, fat, 
wax is reacted with phosphorus sesqf 
sulfide at a temperature sufficient to pm 
mote reaction, e.g. at 240° F., and) 
the presence of sufficient free oxygé 
containing gas to maintain the desife 
reaction temperature without applicatit 
of heat. The resulting product is pal 
tially saponified with a suitable mé 
compound, such as the hydroxide of 
alkaline earth metal. An amount of 03% 
10 percent by weight of phosphoruss 
preferably used for the reaction WIR) 
the oil, fat or the like. The addition @ 
the compound thus obtained to lubre 
cating oils retards their deterioratiom 
and inhibits or mitigates their corrosiv® 
action. . 


U.S.P. 2,416,985. Compounded Mir ; 
Oil. B. B. Farrington and J. T. Rut fe 
ford to California Research Corpora 
tion. - 
A viscous hydrocarbon oil, partiet 

larly a lubricating oil is compounds 

with a metal salt of a phosphoric 

ester containing at least one alkyl af 
group and a total of 5-16 saturated! 
atoms in the alkyl radicals of the 
aryl groups. Al, Ca, Ba, Sr, of 
salts of. the said phosphoric acid este?) 
are preferably used for this purpos® 

The compounded oil shows increased 

resistance to deterioration at high tem 

perature, reduces the amount of weaf, 
inhibits corrosion of copper-lead 
cadmium-silver bearings, and so OM. 
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Wyatt’s two modern steel plate fabricating plants are 
designed and equipped to produce pressure vessels 


and towers of any size to meet industry's specifications. 
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1——Anchored Elbow Expansion 
Joint 

MagniLastic Division, Cook Electric 
Company, Chicago 14, recently has 
added a new packless anchor base “el- 
bow” expansion joint to its standard 
line. It can be supplied in all standard 
pipe sizes and in a choice of materials 
to meet special corrosive, temperature 
and pressure conditions. 

The accompanying picture shows a 
10-inch pipe size unit approximately 4 
feet high, which was built to accommo- 
date 40 psi steam pressure. Each bellows 
allows 1% inches total movement with 
30 inches overall free length. The bel- 
lows of this unit is fabricated from stain- 
less steel and the L is standard weight 
10-inch carbon-steel pipe. This joint was 
designed for operation at temperatures 
up to 360 

Further details are available by writ- 
ing. 

. CHECK THE CARD AT PAGE 240 


2—Non-Corrosive Heat 
Exchanger 

National Carbon Company, 30 East 
42nd Street, New York 17, has announced 
availability of seven-tube “Karbate” im- 
pervious graphite shell-and-tube heat 
exchangers for use under highly-corro- 
sive conditions, in three standard sizes 
of 4 feet 3 inches, 7 feet 3 inches and 10 
feet 3 inches in length. All three units 
employ l-inch inside diameter by 1%4- 
inch outside diameter “Karbate tubes in 
bundles encased in standard 6-inch in- 
side diameter steel-pipe shells. The ex- 
changers are identical except for length 
and number of baffles, and tube bundles 
and shells of the same size are inter- 
changeable. 

The units can be employed as heaters, 
coolers, boilers or condensers, and can 
be operated vertically or horizontally. 
They will carry temperatures up to 338° 
F. (170° C.) and a working pressure of 
50 psi on both the tube and shell sides. 
Standard nozzle connections permit 
ready installation with piping connec- 
tions of almost any material of con- 
struction. Water, brine or steam are 
suitable on the shell side. 

“Karbate” impervious graphite has 


high thermal conductivity (three times 
as high as carbon steel) and is resistant 
to the action of most acids, alkalis, and 
solvent or reducing 


other corrosive, 








ae ae PS i 
MagniLastic elbow expansion joint. 


agents—particularly to all concentrations 
of hydrochloric acid and nearly all con- 
centrations of hot sulphuric, phosphoric, 
and acetic acids, wet chlorine and the 
organic solvents. 

The three sizes have 8.2, 16.4 and 24.6 
square feet respectively, of effective out- 
side tube area. A unique feattre of their 
construction is the combination of tube 
sheet, dome and nozzle into one mono- 
lithic piece, which eliminates packed 
joints for the corrosive liquid and re- 
duces the number of gasketed joints on 
the fluid side to one gasket at each 
nozzle, 

Catalog Section M8808 gives further 


details, 
CHECK THE CARD AT PAGE 240 


3—Stainless-Steel Electrodes 


Wilson Welders & Metals Company, 
60 East 42nd Street, New York 17, has 
announced a complete line of stainless- 
steel electrodes in a full range of grades 
and diameters, These electrodes ane fur- 
nished with a heavy extruded-lime type 
coating for d.c. application. In addition 
all but the straight chrome analyses are 
obtainable with a lime-titania type coat- 
ing which is usable on a.c. or d.c. Slag 
produced by either of these coatings is 
removed easily, Literature giving details 


is available. 
CHECK THE CARD AT PAGE 240 
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“Karbate” Seven-Tube Heat Exchanger. 
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4—Gauge Case 


Helicoid Gage Division of American 
Chain & Cable Company, Bridgeport, 
Connecticut, announces a newly devel- 
oped gauge case. It is made of a high 
compression molded aluminum alloy and 
is called the “Acaloy” case. The surface 
of the case is treated by a patented 
process to prevent corrosion, and it is 
claimed that the case will withstand 1500 
hours salt spray test. Over this treated 
surface there is a black baked-on finish. 
The case is claimed to be weather-proof 
since it is provided with a synthetic rub- 
ber sealing gasket and a stainless-steel 
snap ring. This new case is designed to 
accommodate safety blowout discs, 
which are supplied when required. 

CHECK THE CARD AT PAGE 240 


' 5——Black Light Borescope 


Magnaflux. Corporation, 5900 North- 
west Highway, Chicago 31, has an- 
nounced development of a 100-watt 
black light a third the size of a cigarette, 
which has made possible the use of sen- 
sitive inspection methods in hitherto in- 
accessible locations when used with a 
specially developed “Borescope.” This 
has been a joint development of Magna- 
flux Corporation, Chicago, and Lenox 
Instrument Company, Philadelphia. 

Increasing load and speed require- 
ments upon airplane propellers have 


2) ® ; ) 


Head of the Black Light Borescope showing: 

(1) White lights, (2) Filter and lens over U.V. 

(black) light, (3) Viewing prism, (4) and (5) 

Focus guide and control, (6) Half-inch diameter 

optical tube, (7) Tube carrying wiring and cool- 
ing gas for lamp. 


made the finest defects.on the inside as 
well as those carefully detected on the 
outside potential contributors to prema- 
ture propeller failure. The search for 
more reliable methods than the usual 
visual inspection of inner surfaces has 
required a smail size black-light source 
of high intensity to take advantage of 
the sensitivity available with Zyglo pen- 
etrant to inspect the non-magnetic braze 
and weld joints. 

When this new “Borescope” is em- 
ployed for internal inspection, the inside 
surface is. processed normally with Zyglo 
or Magnaglo materials as required. In- 
spection takes place by viewing the 
fluorescent indications of defects through 
the “Borescope” carrying the small black 
light at its viewing head. White light 
also is available at the head to aid visual 
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checking of the location and appearance 
of the defects. 

The use of this black-light “Bore- 
scope” is being extended to problems re- 
quiring internal inspection which up un- 
til now have been accomplished with 
much less efficient visual inspection using 
low-intensity white light. Visual inspec- 
tion now can be supplanted for interior 
inspection of critical products as it has 
been replaced for external surface in- 
spection, it was said. 

CHECK THE CARD AT PAGE 240 


6—Electrodes 


Westinghouse Electric Corporation, 
Box 868, Pittsburgh 30, has announced 
the new ACP-MO electrode for welding 
low-alloy cast steel or low-alloy high- 
tensile-strength rolled steels in all posi- 
tions, with alternating-current or direct- 
current reverse polarity. It is available 
in four diameters from 3/32- to 3/16- 
inch. 

Although designed primarily for use 
with alternating current, the announce- 
ment says, this electrode is exceptionally 
good when used with direct current, re- 
yerse polarity. ACP-MO should be used 
for vertical or overhead welding although 
it produces equally satisfactory results 
in making horizontal fillet and flat- 
position welds. Welds made with this 
edectrode meet the requirements of 
AWS-ASTM tentative specifications for 
iron and steel welding electrodes classi- 
fication E-7011. 


CHECK THE CARD AT PAGE 240 


7—Stainless-Steel Meter 


Bowser, Inc., Fort Wayne 2, Indiana, 
has announced a new 14-inch, 50-gallon- 
per-minute stainless-steel meter. Design 
and principle of operation is basically 
similar to the company’s industrial me- 
ter heretofore marketed. It is constructed 
of stainless steel with the same internal 
chemically-resistant parts used in the 
older meter to reduce friction. Vertical 
piston operation minimizes cylinder and 
piston wear, There are few working 
parts, 

CHECK THE CARD AT PAGE 240 


§—-Compressor 


The Cooper-Bessemer Corporation, 
Mount Vernon, Ohio, has announced its 
Type JM motor-driven compressor, de- 
scribed as of new design, offering space- 
saving possibilities compared with ordi- 
tary big-scale industrial irstallations, 
and especially adaptable for use in oil, 
gas and chemical processing. 

_Available in six sizes and with a va- 
nety of compressor cylinders this new 
compressor offers a wide range of vol- 
umes and pressures for handling air or 
gas. It is built with from 1 to 6 crank 
throws and ranges in horsepower from 
00 to 2750. The compressor stroke is 14 
inches and it operates at a speed of 300 
evolutions per minute. Power for driv- 
ing it can be taken from a standard 
synchronous electric motor, an engine, 
or a turbine. All cast parts are of Mee- 
lanite metal, permitting use of thin 
irame sections with low weight ratios. 
_4he one-piece box-like frame is open 
at the top for admitting the crankshaft 
and is locked by steel tiebolts and cov- 
‘red by aluminum plates. A sump type 
base holds the lubricating oil supply. 

¢ lubricating system, which includes 
a built-in filter and cooler, furnishes oil 
under pressure to all moving parts. 

The “JM” has a 10%-inch diameter 





Cooper-Bessemer “JM” compressoy. 


counterweighted crankshaft, which is 
supported in babbitt-lined bearings. Both 
main and connecting-rod bearings are of 
precision type, permitting interchange- 
ability and replacement without scraping 
or machining. Connecting-rod-bearing 
caps are fastened to the rods by four 
high-strength steel bolts to prevent bear- 
ing distortion and each connecting rod 
has specially designed ribs for added 
strength. 

Crosshead guides, one for each crank- 
throw, are mounted on the sides of the 
frame in an alternating arrangement, 
making the compressor cylinders unusu- 
ally accessible. The crossheads are ad- 
justable and have babbitt-faced shoes 
which minimize thrust wear both on the 
crosshead and guide. A hand hole in the 
top of each guide provides convenient 
access to the connecting-rod ‘pin bolt. 

Compressor cylinders for the new unit 
are the same as those used on the com- 
pany’s Type GMV and are interchange- 
able. Provision can be made for low 
vacuums or for high pressures, as well 
as for all. intermediate pressures. The 
low- and medium-pressure compressor 
bodies are of Meehanite metal while 
high pressure bodies are of cast or 
forged steel as required. The cylinder 
valves are of a standard ring-plate type 
and are self-cleaning. Valve seats are re- 
newable, and interchangeable from suc- 
tion to discharge. 

Electrical or mechanical unloading by 
means of compressor suction valve lift- 
ers is also available, offering automatic 
control of flow or pressure. Automatic 
starting can be provided and compres- 
sor cylinders can be automatically un- 
loaded for easy starting. Bearing tem- 
perature shut-down, low lubricating-oil 





Leeds & Northrup’s “Speedomax” high-speed 
indicator. , 
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pressure shut-down and various other 
controls are available, depending upon 
the type of installation. 

A special bulletin is available upon 


request. 
CHECK THE CARD AT PAGE 240 


9—Gasket 


Plastic Engineering and Sales Cor- 
poration, Fort Worth, Texas, has an- 
nounced a Fiberglas-plastic ring seal 
gasket, designed to help solve corrosion 
problems. It is a high-strength, high- 
dielectric laminate consisting of plies of 
Fiberglas cloth impregnated with a 
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Fiberglas-plastic ring seal gasket. 





phenolic resin, and precision molded un- 
der high pressure and temperature. It is 
available in all standard sizes. 

The high dielectric strength of this 
gasket makes it possible, by using it in 
ring-sealed joints, to provide insulation 
against stray and long-line electrical cur- 
rents that flow from the connecting pipe 
line system. Another important function 
claimed is that it eliminates corrosion 
at the joint caused by the active galvanic 
cell set up at the joint by dissimilar 
metals (a metal ring gasket and the 
flange metal) in the presence of a low- 
resistance electrolyte. 

The Fiberglas-plastic gasket has a flat 
compression strength of 66,245 psi, an 
edge compression strength of 15,757 psi, 
and a tensile strength of 48,272 psi. Tem- 
perature limit is 480° F. The gasket is 
unaffected chemically by any of the 
gases and fluids encountered in the 


transmission of oil and natural gas. 
CHECK THE CARD AT PAGE 240 


10——High-Speed Indicator 


Leeds & Northrup Company, 4934 
Stenton Avenue, Philadelphia 44, has an- 
nounced a high-speed indicator for proc- 
ess temperatures, said to be capable of 
a large number of thermocouple read- 
ings in a short time. The new instru- 
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OHIO STATE CAPITOL BLOG. , COLUMBUS 


LONG LIFE 
QUALITY 


Pleases Ohio Cities 
and Industries 


Ohio, famed state of thousands of great 
industries and many prosperous and progres- 
sive cities now has in operation over 650 
Layne high efficiency Well Water Systems. 
These Vertical Turbine systems are distin- 
} a eas by their outstanding engineering 
eatures, extraordinarily high quality and 
absolute dependability in providing years 
and years of service. 

Layne Well Water Systems are world 
famous for low operation cost. Furthermore 
they are so sturdily built and correctly in- 
stalled that little or no upkeep expense is 
necessary. 

For nearly 70 years Layne has pioneered 
in Well Water Systems and Vertical Tur- 
bine Pumps. No other make, in all the world 
compares with their high standards of per- 
fection. 

For further facts, catalogs, bulletins, etc., 
address LAYNE & BOWLER, INC., General 
Offices, Memphis 8, Tennessee. 


PUMPS For 


Wells — Lakes — Rivers — Reservoirs— 
Irrigation Projects—are obtainable in 
sizes from 40 to 16,000 gallons per 
minute, powered by electric motor, 
V-belt or angle gear drives. Write 


for Pump Catalog. 


WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 


-APFILIATED COMPANIES: Layne-Arkansas Co., 
8 ro — ae = oy Co., Norfolk, Va. * 
Layne-Central Co., Memphis, Tenn. 
Co., Mishawaka, Ind. * Layne- 
Charles. -. ® Louisiana Well Co., M 
Layne-New York Co., New York City * Layn: 





H Texas * rm Co., 
City. Mo. * Western Co. of Minn.., Minneapolis 
Minn. * International Water Supply Ltd., jon, ee 
Can. * 8 Americana, 8. A lexico, D. F. 











ment, designated “Speedomax High- 
Speed Indicator,” is described as permit- 
ting the logging of temperatures as rap- 
idly as the operator can write them 
down, and as handling more than 100 
thermocouples at high sensitivity and ac- 
curacy. 

Heart of the indicator’s high-speed 
balancing mechanism is an amplifier unit 
which uses standard vacuum tubes. The 
indicator uses the same case as the com- 
pany’s strip-chart “Micromax” and 
“Speedomax” recorders, and fits into 
standard panel cutouts for these instru- 


ments. 
CHECK THE CARD AT PAGE 240 


11—Specific-Gravity Testers 


Fischer & Porter Company, Hatboro, 
Pennsylvania, recently released a new 
bulletin which includes dimensional and 
operational details of an improved con- 
tinuous liquid specific-gravity indicator. 
The instrument is designed for continu- 
ous indication of fluid specific gravity in 
closed piping systems and it is reported 
that it has found considerable use in 
distillation work and in connection with 
all process systems in which draining of 
sample batches is considered tedious or 
hazardous. 

Fhis specific gravity tester is reported 
to be sturdily constructed to withstand 
very heavy line strain, but at the same 
time it is attractive in appearance. Suit- 
able brackets, bezels and lighting acces- 
sories are available for adapting the 
device for front or rear panel mounting. 

Standard construction includes carbon 
steel, bronze, stainless steel or Hastelloy. 
Needle control valves, thermometers and 
hydrometers are built into the compact 
unit. High visibility by hydrometer and 


thermometer is claimed. 
CHECK THE CARD AT PAGE 240 


12——Tube Aligning-Anchor Clamp 


Thornhill-Craver Company, Houston, 
has announced a mechanical improve- 
ment for its streamlined return bends to 
provide a rigid support for the furnace 
tubes when the return-bend body is re- 
moved for tube inspection. Heretofore, 
when the body was’ removed from the 
tube ends, the tubes could move out of 
alignment. 

A split clamp fits around the upset 
tube ends and is held in position with a 
single bolt. Once installed, the clamp is 
not removed until it is necessary to re- 
place the tubes. The clamp also serves 
as an anchor for the Unibolt holding 
members, thus eliminating the split ring 
which formerly was provided for this 
purpose. ° 











13——Jet Pumps 

Jet Pump Division, Derbyshire Ma- 
chine & Tool Company, 5254 Belfield 
Avenue, Philadelphia 44, has issued Cat- 
alog 315, which details the manner in 
which its line of jet pumps, utilizing 
water under pressure as the pumping 
medium, is used in removal, transfer or 
mixing of liquids, heavy sludges, proc- 
ess wastes and fluids containing sub- 
stances injurious to conventional pump- 
ing equipment. Also included are charts 
and tables to facilitate selection over a 
wide range of conditions. 

CHECK THE CARD AT PAGE 240 


14——Refinery Pumps 


Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
available Bulletin W-113-B10—Horizon- 
tal Side Pot Pumps for Refinery Service. 
Engineering data include comprehensive 
tables and graphs. 


CHECK THE CARD AT PAGE 240 


15—Pressure Controllers 


Leslie Company, Lyndhurst, New Jer- 
sey, has issued a new 20-page booklet 
titled ‘‘Engineering, Operating and 
Maintenance Data on Pressure Control- 
lers, External-Pilot-Operated.” Design 
features of control pilots and diaphragm 
regulating valves are illustrated in cross- 
sections, and selection charts and capac- 
ity tables are provided to guide selection 
of equipment for specific applications 

CHECK THE CARD AT PAGE 240 


16—Caustics Corrosion Data 


The International Nickel Company, 6/ 
Wall Street, New York 5, has issued an 
eight-page bulletin, 55C, titled “Handling 
Caustics Without Corrosion Problems.” 
It gives comparative test data on Monel, 
70/30 copper-nickel, mild steel and other 
materials in refinery equipment handling 
caustic solutions. 

Reports on plant corrosion tests in 
equipment used to remove mercaptans 
from petroleum products are included in 
the bulletin. These tests were made in 
the reboilers of regenerator units, in the 
bottom of a regenerating tower, and in 
the vapor section of a regenerator tower 
The corrosive effect of caustic solution, 
caustic potash solution and potassium 
hydroxide solution was tested on Monel, 
Inconel, nickel, 70/30 copper-nickel, mild 
steel and cast iron. Test temperatures 
ranged from 255° to 370° F. 

In addition to test data, the bulletin 
contains information on the use of Monel 





Thornhill-Craver Tube Clamp 
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in caustic regeneration processes. These 
service records are based on actual re- 
finery operations. Photographs, illustrat- 
ing the text, show a variety of refinery 
equipment, such as Monel heat ex- 
changers and pump rods, and nickel-clad 


steel caustic towers. 
CHECK THE CARD AT PAGE 240 


17—Cutting Torch 


Air Reduction Sales Company, 60 East 
42nd Street, New York 17, has an- 
nounced the Airco Series 9000 Cutting 
Torch again is available after being out 
of production during the war because of 
material shortage. Descriptive literature 


is available. 
CHECK THE CARD AT PAGE 240 


18—Deaerators 


Cochrane Corporation, Philadelphia 
32, Pennsylvania, has for distribution its 
Publication No. 3005, a 36-page hooklet 
on Cochrane deaerators. It is well illus- 
trated with photographs and engineering 
drawings. 

CHECK THE CARD AT PAGE 240 


19——Electronic Controls 


Wheelco Instruments Company, 847 
West Harrison Street, Chicago 7, has is- 
sued a 20-page booklet, “Wheelco Elec- 
tronic Controls,” in which its line of in- 
struments are explained with graphs, 
diagrams and photographs. Briefness 
and simplicity make this bulletin a handy 
reference for instrument men and for 
newcomers in the field of process con- 
trol. 

CHECK THE CARD AT PAGE 240 


20—Packing 

Asbestos Textile & Packing Division, 
Raybestos- Manhattan, Inc., Manheim, 
Pennsylvania, has issued a new 16-page 
condensed catalog which contains illus- 
trations and descriptions of the most 
popular styles of mechanical packings 
in the company’s line. Included is a rec- 
ommendation chart showing packings 
for various services. 

CHECK THE CARD AT PAGE 240 


21——Pumps 


_Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
issued Bulletin WP-1099-B42A, which 
catalogs its line of pumps for oil-field 
and pipe-line service. 

CHECK THE CARD AT PAGE 240 


22——Tanks 


Black, Sivalls & Bryson, 720 Dela- 
ware, Kansas City 6, Missouri, has re- 
leased an 80-page booklet “The Choosing 
and Using of Tanks.” Points discussed 
represent the experience of a number 
ol men over many years with a large 
variety of tank problems. Gwynne Ray- 
mond, chief engineer of the company, 
who prepared the book, previously pre- 
sented the subject matter as an illus- 
rated lecture before chapters of the 
American Petroleum Institute. 

CHECK THE CARD AT PAGE 240 


23—Strainers 


Elliott Company, Jeannette, Pennsyl- 
Vania, has available Bulletin A-12, which 
describes Elliott Type K_ self-cleaning 
‘trainers, recommended for service where 
‘large amount of dirt or foreign matter 
Sto be removed from water. On these 
‘trainers a geared motor slowly turns 
* Totating element which blanks off 
‘training-element sections one at a time, 





































@ The new Acatoy case is a 
high-compression molded 
aluminum alloy. Treated by 
a patented process to prevent 
corrosion. Durable baked-on 
finish. Withstands 1200 hours 
salt spray test. 
Weather-proof. Neoprene 
sealing gasket. 18-8 stain- 
less steel snap ring. Greater 
strength —less weight. It's 
another Helicoid exclusive. 


With back flange for wall 
mounting, or without flange 
for stem mounting. Safety 
blow-out discs optional. 


Specify Helicoid gages in the new 
AcaLoy case. They will reduce 
your ‘maintenance expense. 
. .. the Helicoid movement, with 
no gear teeth to wear out, lasts 





Send for the many times longer. 
new catalog 
that tells the 
complete story 
of Helicoid. 

Only Helicoid 
pressure gages 
have the Helicoid 
movement. 
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allowing back-flowing water to flush out 
the dirt. While this type of strainer has 
been on the market for 12 years, im- 
provements in construction have resulted 


in better operation. 
CHECK THE CARD AT PAGE 240 


24—Power Pumps 


Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
issued Bulletin W -412-B30A, giving 
specifications of its horizontal duplex 
plunger power pumps. 

CHECK THE CARD AT PAGE 240 


25—Rotary Pumps 

Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
available Bulletin W-487-B10B, descrip- 


tive of its heavy-duty rotary pumps. 
CHECK THE CARD AT PAGE 240 


26—Aftercoolers 


‘Worthington Pump and Machinery 
Corporation, Harrison, New Jersey, has 
issued Bulletin L-802-B2, descriptive of 
its aftercoolers for air and gas. In addi- 
tion to description of the unit, with 
drawings and photographs, importance 
of removing moisture ffom compressed 
air is discussed. 

CHECK THE CARD AT PAGE 240 


27—Feed-Water-Control Data 


Bailey Meter Company, 1050 Ivanhoe 
Road, Cleveland 10, Ohio, is distributing 
Bulletin 105-B, “Bailey Three-Element 
Feed-Water Control.” This bulletin in- 
cludes new performance data and lists 
a number of advantages of the three- 





YOU BUY PROTECTION 


WHEN YOU BUY 


STOKES 
SERVICE 


Covering up will not arrest corrosion. Its cause must be 
removed, and here’s where STOKES cleaning service steps 
in. Then when corrosion-resistant paints of standard 
quality are applied you can expect longer life from 
refining equipment, storage tanks—all-metal construc- 
tion. Play safe—PUT STOKES SERVICE on guard. 


BR. A. STOKES, Inc. 
Tactuval Painters for Sanilin Industry 


635 Nixon Building ° 


Corpus Christi, Texas 





element system, and shows chart reco 
illustrating operation under difficult co 
ditions. 

CHECK THE CARD AT PAGE 240 


28—Stainless-Clad Steels 


Lukens Steel Company, Coatesville, 


Pennsylvania, has issued Bulletin 33 

which describes its new clad-steel ling 
and gives applications for the most im 
portant types of stainless cladding. Im. 
portant steps of the Lukens method of 


producing stainless-clad steel are illus. 


trated to show how uniformity and per 


manent bond are insured. Corrosion data, 


size and weight tables are included. 
CHECK THE CARD AT PAGE 240 


29——Stainless Steel Tubing 

The Babcock & Wilcox Tube Come 
pany, 85 Liberty Street, New York 
announces a new bulletin (TB-323)) 
which outlines some of the many usé 
of B&W stainless tubing and briefly 


describes its important properties from! 


an application point of view. Included) 
are the most commonly used Croloy 
analyses as well as tubing- and pipe-size 


ranges. 
CHECK THE CARD AT PAGE 240 


30——Linear Conversion Table 


The Babcock & Wilcox Tube Com- 
pany, 85 Liberty Street, New York 6, 
has available a revised version of its 
linear table which converts inches and 
fractions of inches to decimal parts of 
a foot. The table (Technical Data Card 
No. 110A) should effect savings of time 
for those who deal with products, such 
as tubing, generally sold and quoted om 
a per-100-foot basis. 


CHECK THE CARD AT PAGE 240 


31——Condensate Meter 

American District Steam Company 
North Tonawanda, New York, has i 
sued a new 12-page Bulletin No. 35-80B) 
which gives details of construction and 
installation on seven sizes of rotary com 
densation meters. This meter is used @ 
determine steam consumption by depart 


ments. 
CHECK THE CARD AT PAGE 240 


Synthetic Ammonia Plants 


Chemical Construction Corporatio) 
350 Fifth Avenue, New York 1, 1 
issued a 14-page brochure descriptive 

: C. process synthetic ammonm 
plants. It includes comprehensive chart 
showing synthetic ammonia product 
from a variety of hydrogen sources. 
process, by which nitrogen and hyd 
gen are made to combine under co 
pression and in the presence of a ¢ 
lyst, is fully described. Outlines of ¢ 
phase of production, including gas p 
fication, is included. The company & 
quests use of letterhead when writ 
for this bulletin—ask for Chemico Bul 
tin A-101. i 


Chemicals 


Hooker Electrochemical Compa 
Niagara Falls, New York, has publ 
a new edition of its general products! 
It comprises 20 pages of descriptit 
principal physical and chemical prope 
ties, graphic formulas, uses and shippt 
information. Several new products am 
brief descriptions of the various chemr 
cal processes and facilities the company 
has available are included. The com 
pany specifies requests for this bullet# 
should: be on company letterhead 
for Bulletin 100. 
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EQUIPMENT — SERVICE r 


Suppliers __ 








listed by 
writers Laboro- 
tories, Inc., and 
Factory Mutua! 
Laboratories. 


BLAW- KNOX 
y 


guatomec 
FOG NOZZLES 


fight fire with these four 
distinctive features : 


Non-clogging — clear 
free-flowing passages 
without screens. 


Maintain spray pottern 
—even at reduced 
pressures in emergency. 


Deliver powerful spray 

—strike to base of 
fire in spite of drafts and 
air turbulence, indoors or 
outdoors. 


Maximum cooling and 

quenching effect— 
finely atomized spray 
takes the heat out of burn- 
ing gases, liquids or other 
combustibles. 








Blaw-Knox offers 
Stendard Wet and 
Dry Pipe Automatic 
Sprinkler Systems as 
well i 


as Y 
Controlled Pre-Action 
and Deluge Systems. 


BLAW-KNOX 


SPRINKLER DIVISION 


832 Beaver Avenue, N.S., 
Pittsburgh 12, Penna. 





Glidden Company Will License 
Under Lecithin Patents 


Following the consent decree which 
has closed the litigation concerning pat- 
ents, The Glidden Company has an- 
nounced that it is “prepared to license 
anyone in the petroleum industry who 
wishes to employ the so-called lecithin 
patents in the production and sale of 
motor fuels, lubricating oils and cutting 
oils.” 

“This results from arrangements made 
by Glidden with Texaco Development 
Corporation, E. I. du Pont de Nemours 
& Company, Socony-Vacuum Oil Com- 
pany and American Lecithin Company, 
embracing the whole series of American 
and foreign patents owned by these con- 
cerns which grew out of the extensive 
research conducted on the use of lecithin 
as an additive agent to improve the 
quality and performance of lubricating 
oils and of gasoline motor fuels.” 


A, O. Smith Organizes 
Tubular Goods Division 


Dennis F. McCarthy has been named 
manager of the new Tubular Goods Di- 
vision of A. O. Smith Corporation, 
Milwaukee, a division which handles the 
manufacture and sale of steel pipe for oil 
and natural-gas lines and oil-well casing. 
While the company for many years has 
been one of the largest manufacturers 
of such products, formal establishment 
of the new division represents a move 
toward greater efficiency in one of the 
company’s major operations, it was ex- 
plained. 

McCarthy has been in the sales de- 
partment of the company for 11 years 
and has been associated with the sale 
of tubular goods since 1938. 


Bailey Meter Company 
Elects Two Vice Presidents 


H. M. Hammond, general sales man- 
ager, and P. S. Dickey, chief engineer, 
have been elected vice presidents of 
Bailey Meter Company, Cleveland, 
Ohio. 

Hammond graduated from Rensselaer 
Polytechnic Instiute in 1918 and served 
as a naval officer before joining Bailey 
Meter Company in 1919 as a field engi- 
neer. He has been sales manager since 
1923, and as vice president will continue 
to direct sales activities. He is a member 
of ASME and API, and has written 


fr 


H. M. Hammond P. S. Dickey 


numerous technical articles on measure. 
ment and control. 

Dickey, a graduate of Purdue Univer. 
sity, has been with Bailey Meter Com. 
pany since 1925, In 1934 he became chief 
research engineer and in 1940 special 
consultant on marine problems. As vice 
president he will continue as chief engj- 
neer, a position he has held since 1944 
and advise the company’s foreign aff- 
liates in engineering problems. He is 4q 
member of ASME and SNAME. Hegs 
an authority on steam boilers, has com 
tributed to the literature on instruments, 
and holds a number of patents on auto- 
matic contro] equipment. 


Smallman to Direct Sales 
For Consolidated Engineering 


Robert Smallman has been appointed 
director of sales and field engineering 
for Consolidated En- 
gineering Corpora- 
tion, Pasadena, Cali- 
fornia, 

After graduating as 
an electrical engineer 
at California Insti- 
tute of Technology 
in 1933, Smallman 
was a test engineer 
for U. S. Motors, and 
worked in thé re- 
search department of 
General Electric 
Company. In 1935 he 
transferred to the 
publicity department 
of the latter company. During the wat 
period he was engaged in technical sale 
to the aircraft industry. 


Robert Smallman ‘ 


John Nooter Boiler Works 
Company Increasing Plant 


John Nooter Boiler Works Compal 
1401 South Second Street, St. Louis, & 
inaugurated a $300,000 expansion f 
gram to increase the plant’s size 
production more than 30 percent. 
and larger equipment will permit 
company to extend production of heay 
metal products, it was said. 4 


Hays Corporation Announces — 
Sales Department Appointments: 


The Hays Corporation, Michigan a 
Indiana, has announced appointment) 
Shirl M. Rudolph as vice preside 
charge of sales, and of William 
Pugsley as vice president in charge® 
field research. a 

Rudolph has been with the organize 
tion since 1920, and has served im 
accounting department, as factory ma 
ager, assistant to the president, am 
various sales capacities. | 40% 

Pugsley joined the company in a 
as manager of the combustion-contre 
division after sales experience 1n Cleve: 
land and Chicago. He has travele 
widely in studying new applications ” 
in developing new markets as well as! 
lecture before engineering organizations 
Working with engineering and sales: 
partments, he has supervised org 
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All refinery projects start with a spark of 
an idea. 


Our Engineering and Construction Divi- 
sion can be of the greatest service when 
such an idea first sparks. Because of our 
wide experience and independent think- 
ing, plans can be laid at the very begin- 
ning to make the project more satisfac- 
tory, and to carry it to completion with 
greater economy and dispatch. 





For an expansion job or a completely new 
plant design, count on our Engineering 
and Construction Division to keep the first 
spark burning brightly until the production 


fires start. 
ENGINEERING 
DESIGN 
» PROCESS 
CONSTRUCTION 























How SMOOTH-ON 


SAVED THIS 
ELECTRIC 
PUMP at 





























cylinder to the base of my electric water pump, 
blew out. It took away all metal around the 
threads and about 34” of metal in the pump 
base under valve plate and gasket. The manu- 
facturer of the pump couldn’t supply me with a 
new part. The best local machine shop told me 
the pump was broken beyond repair. 

“1 had heard of Smooth-On No. 1 Iron Ce- 
ment, but had never used it. | decided to try 
it. With Smooth-On, | carefully built up the 
broken section to its original shape and left it 
to set for a couple of days. | then replaced the 
gasket and piston head, and tried out the pump. 
It worked perfectly—and has been in service 
ever since, under pressures up to 45 Ibs. 

“Other mechanics have examined this job and 
tell me that such a solid repair is almost unbe- 


lievable.” 
W. L. H., West Virginia. 


(Name on request) 

You, too, can make many repairs to broken 
parts and connections, and can seal cracks, stop 
leaks, and tighten loose parts with Smdoth-On 
No, 1. Tt sets as hard as metal and stays tightly 
in place, because it expands slightly as it sets. 
1-, 5-, 25- and 100-Ib. sizes. Ask for Smooth-On 
at your regular supply house. If they haven't it, 

REPAIR 


write us. 
HANDBOOK fF B ; 7 


This. 40-page book describes and 
shows pictures of many practical 
. short-cut repairs made with Smooth- 








On No, 1 on plant, home and auto 
equipment, 170 diagrams, Pocket 
size. Invaluable for ineers, me- 
chanics and repairmen. Send coupon 
hs for your copy. 
“sees Sign and Send Now - ------- 


Smooth-On Mfg. Co., Dept. 11E 
570 Communipaw Ave., Jersey City 4, N. J. 
Please send me a Smooth-On Handbook. 


NAME 
ADDRESS 


Det SMOOTH-ON 


rent of 1000 Uses 





















tion of educational courses for salesmen 
and service engineers, and in arranging 
demonstration equipment and sales 
visuals. 


Weyerman Opens Houston 
Engineering-Sales Office 


W. C. Weyerman has organized Wyco 
Equipment & Engineering Company, 
3920 Fannin Street, 
Houston (K-3-0508), 
as .representative of 
several manufac- 
turers of refinery, 
gasoline-plant and 
pipe line equipment. 

Since his discharge 
from two years as an 
engineering officer in 
the Navy, Weyerman 
has been sales man- 
ager of the pump de-. 
partment of Charles 
Wheatley Company. 
Previously, following 
a degree in chemical 
engineering at the University of Texas, 


W. C. Weyerman 


| he had experience with Phillips Petro- 


“”“ ; i | . ° ° 
A long stud bolt, holding the compression | |... Company in operation, design and 


construction of gasoline plants; as heat- 
exchange engineer with Joseph A. Coy 
Company, and with the engineering and 
construction division of Jones & Laugh- 
lin Supply Company, where he was in 
charge of instrumentation design on re- 
finery construction. 


Johns-Manville Acquires Goetze 
Gasket & Packing Company 


Johns-Manville Corporation has ac- 
quired the physical properties and busi- 
ness of Goetze Gasket & Packing Com- 
pany. Goetze gaskets are to be produced 
as formerly, at the Goetze plant in New 
Brunswick, New Jersey, and sold by 
Johns-Manville under the Goetze name, 
the announcement said. 


Kerotest Appoints Norris 
To West Coast Division 


Kerotest Manufacturing Company, 
Pittsburgh, has announced appointment 
of James A. Norris 
as its West Coast di- 
vision sales manager, 
and opening of new 
division offices at 315 
West Ninth Street, 
Los Angeles 15, Cal- 
ifornia, 

The company for- 


merly had its Los 
Angeles offices at 
3305 East Slauson 
Avenue. 





Warehouse stocks 
of valves and fittings 


will be carried for J. A. Norris 
West Coast distribu- 

tion. 

Joseph A. Swaton and John H. 


Mueller will continue as field represen- 
tatives in the area. 


Johnson Representing Columbia 
Chemical Division in New York 


Walter T. Johnson has been appointed 
New York’ district sales manager for 
Columbia, Chemical Division of Pitts- 
burgh Plate Glass Company. His offices 
will be at 30 Rockefeller Plaza. 

Johnson is a chemical engineering 
graduate of University of Minnesota. He 
joined the company’s research depart- 
ment at the Barberton, Ohio, plant dur- 
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slong: 


’ 
.. - and here's 
@ Sparkler Horizontal Plate Filters handle 
any liquid from heavy varnishes to light 
alcohols, including products such as acids, 


oils, beverages, milk, pharmaceuticals, 
plating solutions, water, etc. : 

@ Equally efficient performance on inter- 
mittent or continuous operation, under 4 
wide range of temperature, pressure and 
viscosity conditions. 2 

@ Equally effective whether removing Caf- 
bons and contact clays or clarifying and 
polishing with filter aids. 

@ Patented Scavenger Plate permits com- 
plete batch filtration. (It's virtually an 
auxiliary fileer with an independent con- 
trol valve.) R : 
@ Unexcelled filter cake stabiliry—no slip- 
ping or breaking. 


hal? 


Because filter media are supported on & 
horizontal plane and filter aids floated into 
position uniformly, filtration takes place 
uniformly over entire filtering areas. Flow 
through filter is always with gravity. 
Sparkler Filtration Is Engineered Filtra 
tion—we invite correspondence on your 
problem. You will receive the advice of 
filtration scientists with a quarter of a cen 
tury of experience in a specific field. 


SPARKLER MANUFACTURING CO. 
MUNDELEIN, ILLINOIS 
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TRE AREA FEW THMK VENTING HUT! 


Vir Valves’ are installed on tanks 
containing volatile products for one purpose only—namely, to conserve gas. 
Yet operating tolerances are, in many cases, but a fraction of an ounce. If the 
vive has a 25% “blow-down,” or more, as some types do, this single purpose 
is defeated. 








Ina delicately operating vent valve, there is no outside power source to operate 
it, although upon its successful operation depends a substantial investment. in 


tank and contents. “Varec” Vent Valves with hyperbolic, statically-balanced ‘"Varec” Approved Conservation Vent - 
pallets have minimum “blow-down,” which results in continued greater savings. Velve with fleme snulfet end lens 
Operation of these valves ‘is foolproof. Loosely guided both center and side, arrester, Fig, No, 58A. 


they will not bind. They are made of materials which two decades of experience 
have proven the most practical. 


lf a flame arrester is installed with a tank vent valve, it must be of a type 
tested and listed by the Underwriters’ Laboratories for use as a combined unit 
in order to earn minimum insurance rates. “Varec” Valves and Flame Arresters 
are fully listed by the Underwriters’ Laboratories. 










Statically-balanced hyperbolic pallets are “Varec” engineering and laboratory facilities 
a patented feature in all “Varec” Vent are available for consultation on any tank 
Valves. This design eliminates chatter and venting and vapor conservation questions. Write 
minimizes “blow-down.” today for assistance on your problem. 





“VAREC” APPROVED EQUIPMENT 
THE VAPOR RECOVERY SYSTEMS COMPANY 


Compton — California — U.S.A. 


New York City, N. Y., Chicago, mu, Cleveland, Ohio, Houston, Texas 
Agencies Everywhere—Cable Address ‘““VAREC COMPTON’’—aAll Codes 


THE PACE SETTER SINCE 1928 









May, 19474 Gulf Publishing Company Publication 









Multi-Metal 
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For more than 34 years Multi-Metal 
has designed and fabricated an in- 
finite variety of filter units which 
involve the use of wire cloth. Multi- 
Metal stresses its technical facility. 
In addition to our fabrication plant, 
we carry a wide variety of wire cloth 
which is available by the roll and cut 
ge Write for our new catalog and 
ree wire cloth samples. 


Multi-Metal 


INC, 


New York 59, N. Y 


WIRE CLOTH COMPANY, 


sarrison Ave 





WELD PIPE 


Faster... Easier..:Truer 


JEWEL PIPE 
CLAMPS 


yeey ah pe perfectly and hold it secure 
A. Dg On in a minute—off in ten 


ak Two sizes, 4% to 8 in. — 8 to 16 in. 
Rigid construction resists strain, heat, and 
abuse. 


) =~ png aay Am gly leng and short 

turn — for Flenges — Headers. Also Pipe 
Merker, eliminates A. for holes and 
ore 


gti fime-tovrs im refine os 
> n mery pip- 
ors ‘peving big fine svar 


Write Teday fer Details end Prices 


JEWEL Manufacturing Company 


1841 University Ave. 
ST. PAUL 4, MINNESOTA 








ing 1930 and has been associated with 
the chemical division since then. Follow- 
ing several years in production and 
technical service departments, he was 
manager of the Chicago district sales 
office for three years. 


Tellepsen Enters Gasoline 
Plant Construction Field 


Tellepsen Construction Company, 
Houston general contractor, has organ- 
ized a gasoline-plant-construction divi- 
sion which is headed 
by J. G. Coultrup as 
chief process engi- 
neer. This depart- 
ment proposes com- 
plete engineering 
service on natural- 
gasoline plants, 
crude-oil stabilizers, 
and compressor sta- 
tions, from econom- 
ics through erection 

Coultrup graduated 
with a degree in pe- 
troleum engineering 
from Texas A. & M. 
in 1935, and shortly 
thereafter joined Lago Petroleum .Cor 
poration in Western Venezuela as junior 
engineer. Advancing to engineer-in- 
charge of gasoline plants, in 1940 he was 


J. G. Coultrup 





RUST-OLEUM 


POSITIVELY PREVENTS RUST 





CORROSION | 


“Rigid Coonomy 


(See Page 968—Refinery Catalog) 


RUST-OLEUM 
CORPORATION 
EVANSTON, ILLINO(S | 


TEXAS BRANCH 
1935 Commerce St., Dallas, Texas 








transferred to Standard Oil Company | 
of Venezuela to conduct surveys and | 


economic studies for gasoline plants in 


Eastern Venezuela. In 1941 he was called 
to the Army as second lieutenant, being | 


discharged in October, 1945, as major, 


after service as staff officer both in radar | 
and petroleum supply in the Mediterran- | 


ean and European theaters. In Decem- 
ber, 1945, he joined Creole Petroleum 
Corporation as gasoline-plant engineer 
to oversee construction of crude stabil- 
izer-gasoline plant combinations. 


M. W. Kellogg Elected 
Chairman Kellex Corporation 


Kellex Corporation, subsidiary of The 
M. W. Kellogg Company, has announced 
that M. W. Kellogg, founder and chair- 
man of the board of the parent company, 
has been elected to the newly created 
post of chairman of the board of Kellex 
Corporation. Kellogg has been succeeded 
in his previous post as president of 
Kellex Corporation by H. R. Austin, 
formerly executive vice president. Aus- 
tin continues as president of The M. W. 
Kellogg Company. 


Petro-Chem Development 
Names Western Representative 


Petro-Chem Development Company 
has announced appointment of M. A. 
Grizzle as its Pacific Coast sales repre- 
sentative. He will maintain an office in 
the Petroleum Build- 
ing, Los’ Angeles, 
and devote his whole 
time to sajes of the 
company’s furnaces. 

Grizzle has been 
connected with the 
sale of Petro-Chem 
furnaces and heaters 
in this territory since 
1942, first for account 
of Bethlehem Sup- 
ply Company, and 
more recently with 
nai joel ma 
ment Company (now ; 
Bethlehem Senaty a A. eee 
Company of Callfornia) which during 


If you need condenser or heat ex- 
| changer repairs in a hurry call us. We 
| specialize in fast, high quality work. 


25 Years Successful Experience 











We design and 
construct all 
types of modern 
refining units. 


a 


BORN ENGINEERING CO 
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— solved every day, by ““Oilwell’’ Refinery Sales-Service Engineers with 


‘ Stee! Valves 


* FASTER QUOTATIONS — Usually 4 “ ® poet REFINERY SALES-SERVICE ENGINEERS are fac- 





5 plus valves for you 


within a few hours. tory-trained. Their knowledge and experience in 


* QUICKER SHIPMENT — Items in selecting valves is your assurance of maximum safety and 
stock ordinarily go out within 24 hours. outstanding performance. 

% SPEED in procuring non-stock items. 

*® SPECIALIZED ENGINEERING 


SERVICE from factory-trained per- | oO iL WE LL 5 U PPLY co MPA NY 


sonnel capable of servicing the most \ Branches Serving All Oil Fields 


hn - 6, 
bag i. equipment distributed by ; Executive Ofice—Dallas, Texas Division Offices—Columbus, Ohio 


Dallas, Texas... Denver, Colorado 


Export Division Office— 

* LOWER INVENTORY COSTS. You 30 Rockefeller Plaza Houston, Texas...Tulsa, Oklahoma 
» Can cut your own stocks to a mini- New York 20. N. Y. Los Angeles, California 
mum and get a wider selection 5 ~ 

4 promptly from “Oilwell’s” com- : 

_—— UNITED STATES STEEL 


3 
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that time was sales + oy rey for 
Petro-Chem on the Pacific C 

Bethlehem Supply. Company & OI 
as sales representative for etro-Chem 
Development Company in the Mid- 
Continent, Gulf Coast and Rocky Moun- 
tain territories. 


te 42” in diameter 10 feet long or flat plat 
pyri = + Generators and Welding heed 


Tulsa, Ole, 


CGQPPER 
‘SWEETENING 
peta : 


VULCAN STEEL TANK CORP, 





Elliott Petroleum Division 
Headquarters Moved to Tulsa : 


J. N. McClure, who was appointed CUTTING MACHINE For Sale. One C.M: 23_ 
manager of the petroleum division of Oxweld Automatic Shape Cutting Machine, 
Elliott Company a fully equipped with two Torches, Accessories — 


TRIANGLE ne year ago, has moved and service table. Used less than four months, 
his headquarters Price $1,800.00. Replacement Value $3,100.00. 


COPPER Tum. In toneection VULCAN STEEL TANK CORP. Tulsa, Okla J 
SULPHATE | 
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with this move, he . 

also will take on the = 

responsibilities of ‘3 
is preferred by leading re- 
fineries because of its high 
content, dependable 


99% + PURE 


Quotations on request. on any 
quantity required. Shipments 
can be made from our nearest 


Pe 3 = Y 


Ow FANEUIL MALL 


ENGINEERS 


E. B. Badger and Sons Com- 
pany has openings for several 
engineers with experience in 
the design and construction of 
chemical plants and petroleum 


refineries. 


Write fully ot your education 
and experience to: 

Personne! Director 
E. B. BADGER & SONS CO. 


75 PITTS ST., BOSTON, MASS. 


All replies will be treated in 
strict confidence. 





| Baker, Wm. A. Haven, 
| Kee, T. W. 


| directors are H. R. Moorhouse, 
treasurer | 


| were manufactured at 
| Philadelphia 


| ant cements 


manager of the com- 
pany’s Tulsa district. 

A graduate of 
Georgia Institute of 
Technology, Mc- 
Clure has been with 
Elliott Company 
since 1923. He served 
as field engineer in 
the Philadelphia, St. 
offices before becoming Kansas City 


J. N. McClure 


district manager in 1941, where he re- | 


mained until appointment as manager of 
the petroleum division and moved to 
Houston in 1945. 


Arthur G. McKee Company Adds 
Two to Board of Directors 


At the annual meeting of stockholders 
of Arthur G. McKee & Company April 
15 at Cleveland, Ohio, recent action of 


| the directors amending the company’s 
by-laws whereby the number of direc- | 
| tors was increased from five to seven 


was ratified by the shareholders. R. E. 
Arthur G. Mc- 
Rutledge, and H. E. Wid- 
dell were re-elected to the board. New 
secre- 
Krumhansl, 


tary, and James 


| of the company. 


| New Plant Increases Output 


Of Corrosion-Proof Cements 


New facilities for the manufacture of 
corrosion-proof cements and paints, dou- 
bling former capacity, have been com- 
pleted at the Natrona, Pennsylvania, 
plant of Pennsylvania Salt Manufactur- 
ing Company. Formerly these products 
the company’s 
plant. Newly developed 
processes have been installed to improve 
production methods and to permit manu- 


| facture of a wide range of new products 
| now in the development stage, 
| said. 


it was 


Products manufactured in the new 
plant include paints, acid- and fire-resist- 
and other silicate- and 
resin-base products. 


Milton Roy Sheen, Pump 
Inventor-Manufacturer, Dies 


Milton Roy Sheen, president of Milton 
Roy Company, died April 3. He de- 
signed the chemical pumps made by the 
company and was widely known as an 
inventor. Following his death, directors 
of Milton Roy Company elected Robert 
T. Sheen, president; John W. Walker, 


Louis and Tulsa | 











WANTED—MECHANICAL OR ph eg 
with the Inspection of 4 


ENGINEER—familiar with 


leum Refiner, Houston, 











FOR SALE 


Nordstrom Plug Valves 


Repaired and 
Guaranteed 


1%" 1925 2” 
2” 1925 3” 
” 1925 4” 
4” 1925 1 6” 
6" 1985 4 
2024 1 8” 
1%" 2024 10” 
rs 2024 11 4” 


~ 
Wwomancwunw 


Less 50-20-20 list prices f.o.b. Houston 


MARVEL VALVE REPAIR CO. 


Box 5035, Houston 12, Texas 


“10 years experience repairing 
Nordstrom Valves” 
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Gas Equipment 


McNAMAR 


BOILER & TANK CO. 


Tulsa, Okla. 
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vice president and general manager; E. 
Elizabeth Sheen, secretary, and John J. 
Smith, treasurer. 
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